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REMARKS     OX     THE     ABERRATION-CONSTANT     DETERMINED     FROM     THE 
OBSERVATIONS   WITH    THE    UNIVERSAL    TRANSIT   AT    BERLIN.  1884-85, 

By  F.   KUSTNER. 


In  A.J.  429  a  small  error  lias  been  introduced  with  re- 
spect to  the  calculation  of  the  aberration-constant  from  the 
observations  with  the  Universal  Transit  at  Berlin,  188  I  85, 
it  having  been  assumed,  in  the  employment  of  the  equa- 
tions taken  from  A.N. 2993,  p.276,  involving  the  instan- 
taneous latitude  and  the  correction,  JA.  of  the  aberration- 
constant,  that  JA  is  the  correction  to  Struve's  aberration. 
20".  I  15,  while  it  actually  indicates  the  correction  to  Nyren's 
aberration,  20". 492,  as  is  clearly  explained  on  p.  271.  I.e. 
Consequently,  by  Prof.  Xewcomb's  assumptions  for  Jq, 
which  arc  essentially  identical  with  the  values  of  the  lati- 
tude-variation given  by  Chandler  in  1892,  there  results, 
.1  =  20".492  +  0".O13  =  20".50o.* 

If,  on  the  contrary,  the  values  given  by  Chandler  in 
L894  i.Jq  II)  are  introduced,  again  employing  directly  the 
numbers  of  .1.-7.429.  we  have, 

A  =  20".572  +  0".O47  =  20".619. 

This  value  is,  as  indeed  must  necessarily  be  the  case, 
very  nearly  identical  with  the  value  2o".(ill  which  Mr. 
Chandler  finds  by  correcting  the  absolute  terms  of  the 
individual  equations  in  my  memoir  (Berliner  Beobaehtungs- 
Ergebnisse,  No.  3,  pp.38-44)  by  —2  /./  II.  and  correctlj 
applying  as  he  does,  according  to  p.  35,  l.c,  the  resulting 
correction  of  the  aberration-constant  to  Struve's  value. 
L'n".  1  15.  The  small  difference  of  0".008  may  be  explained 
by  the  facl  that,  in  the  use  of  the  three  equations  of 
A.N.  2993,  ii  is  tacitly  assumed  thai  the  variation  of  lati- 
tude during  two  Or  three  months  is  proportional  to  the 
time,  which  is  allowable  only  in  a  first  approximation. 
The  value  20".61  1  is  thus  the  more  rigorously  determined. 

While  the  value  20".31  cited  by  Mr.  Loewv  under  my  oame 
(Paris  Conference  of  1896,  proces-verbauxi  p.35)  is  taken 
from  my  memoir,  it  is  there  (p.35)  determined  on  the 
assumption  of  a  constant  Latitude;  thus  the  correction  of 
Si  ki  \  b's  aberration  =   —  0".132,  SO  that 

A  =  2ii".  Ii:.  -0".132  =  20".313. 


I  have,  however,  immediately  thereafter 
guarded  distinctly  against  the  conclusion  that  this  value 
should  be  regarded  as  the  result  for  the  aberration-constant 
from  my  observations ;  and  in  order  to  prevent  any  mis- 
understanding I  must  recur  to  the  matter  in  a  few  - 
That  I  published  this  result  was  in  general  for  the  reason 
that  I  intentionally  desired  to  conduct  the  reader  through 
the  same  train  of  thought  that  I  had  myself  followed  in 
the  treatment  of  my  observations.  In  this  way  1 
enabled  to  bring  the  reader  most  surely  to  the  positive  con- 
viction  i although  the  endeavor  was  unfortunately  unsuc- 
i.  apparently,  in  the  case  of  Mr.  Loewt)  that  the 
latitude  actually  experiences  variations,  in  the  course  of 
the  year,  of  some  tenths  of  seconds.  This  convincing 
demonstration  was  needed  at  that  time  to  enable  us  at 
length  to  get  abeve  the  level  of  mere  suspicions,  such  as 
had  been  repeatedly  expressed  since  Bessel's  tin:. 
ting  aside  the  unsuccessful  attempts  to  introduce  the 
Eulerian  ten-months  period  into  the  calculations,  and  also 
the  proposal  by  Fergola  at  Home  in  1883,  which  had 
remained  fruitless,  to  investigate  a  possible  secular, varia- 
tion of  latitude  —  these  suspicions  did  not  and  could  not 
,!  all  astronomers  and  geodesists  from  treating  the 
latitude  as  an  absolute  constant,  similarly  as  we  now  treat 
the  velocity  of  the  earth's  rotation  as  an  absolute  constant, 
although  none  of  us  doubt  that  this  also  is  variable.  In 
the  latter  case  we  are  still  without  any  numerically  certain 
proof  of  variability. 

The  above  three  strongly  discordant  values  of  the  aber- 
ration-constant Found  from  the  Berlin  observations  of 
L88  l  85,  namely, 

.1  =  20.313,  latitude  assumed  constant  ; 

20.505*,  Latitude  assumed  variable  according  to  i'ham.- 
i.i  k's  values  oi  1892  ; 

20.611,  latij  ed  variable  ai  Chand- 

ler's values  oi  L894: 


•  [|   niiiv  be  remarked  that  this  value  should  properlj  !"■  20  .520,  sinceVij  the  strict  application  of  the  latitude-corrections  in  ques- 
tion the  quantltj   J.l.  on  p.  165,  becomes  -|-0,.0281  Instead  ol  +0  .018  as  there  given. —  Ed. 

(1) 
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show  emphaticallj  bow    \rerj   dependent  the  aberratii 

series  of  ol  -  upon  bhe  latitude  \  i tion. 

ima  and  minima  of  the  effect  of  abi  i 
accideutallj  oceurred  al  thai  epoch  coincidentbj  with  the 
greatest  elongation  of  the  instantaneous  pole  for  the  me- 
ridian "I   Berlin.     This  lucky  circumstance  necessarily  led 
ii    discovery  of   the   latitude-variation;    it    was   only 
ed  to  prove  that  the  large  discordances  of  the  obser- 
qs  did  not   have  their  origin  in  the  instrument,  or  in 
!]  the  ret  ract  tons  ;  and  thanks  to  the  ap- 

Bonn,  1898  March  18. 


I  '■ r's  method  this  demonstrati aid  be  con- 
ducted «  itli  the  necessary  shai  p 

On  the  other  band  this  strong  dependence  of  the  aber- 

iati ii  the   latitude-variation  is  highly   unfavorable  to 

the  accurate  determination  of  the  aberration,  and  I  must 
therefore  adhere  to  my  opinion  expressed  at  that  time  thai 
this  series  is  imt  adapted  to  the  determination  of  the  aber- 
ration-constant, since  it  does  not  contain  in  itself  the  means 
of  eliminating  the  variation  of  latitude. 


REMARKS  <)N    PROF.  BOSS'S  THIRD  PAPER  ON  THE  PRECESSIONAL  MOTION, 

A.. I.  i:i<). 

B  -i     SIMON     NEW  C  0  M  B  . 


Prof.  Boss's  chapters  are  arranged  so  clearlj  thai  I  shall 
follow  their  titles  and  enumeration. 

I.  Personal  Equation  Dependent  on  Magnitude.  As  what. 
I'm. i  Boss  says  on  this  subject  seems  substantially  identi- 
cal, in  conclusions  al  least,  with  what  1  have  set  forth  in 
3ect  ons  M.  win  and  xix  of  my  paper,  1  need  not  say  more 
aboul  it. 

[I.  Systematic  Errors.  The  only  point  here  that  I 
need  consider  is  that  of  the  consequences  as  to  relative 
:,  ot'  supposing  Bradley  to  have  a  weight  1.  and 
imagining  some  combination  of  star-catalogues  at  the  epoch 
1835  i"  bave  a  weight  6.  But  there  are  no  star-catalogues 
at  the  epoch  L835  having  the  weight  6  that  I  have  not  used 
to  deduce  or  confirm  my  results,  as  I  shall  presently  show. 
Beyond  this  Boss's  remarks  do  not  auftul  the  important 
fact  that  the  great  mass  of  material  he  is  alluding  to  is 
liable  to  systematic  errors  which  cannot  be  discovered  ex- 
cepl  by  completely  re-reducing  the  original  observations. 

III.     Relative  Value  of  Right-Ascensions  and  Declinations. 
I  notice  nothing  to  contest  in  what  Prof.  Boss  says  on  this 
i  on  p.  171.      Page  172  1  will  return  to  presently.      In- 
I  important  is  what  he  says  on  pp.  173, 174  about 
of  the  probable  error  of  the  preeessioual  mo- 
tion derived   from  declinations.     He  thinks  I   have  over- 
estimated this  error ;  and  the  result  of  his  argument  is  to 
show  that  the  probable  error  of  the  value  of  n  which   1 
derived  from  declinations, 

ion,/  =  2005".23  ±0".14  (epoch  1850), 
is  markedly  less  than  the  value  ±(»".l  I  here  assigned.  If 
Prof.  Boss  really  intended  to  maintain  that  my  result  in 
question  is  better  than  I  supposed,  I  would  not  stop  to 
the  point,  in  view  of  the  fact  that  it  only  differs  by 
0".12  Erom  the  value.  100m  =2005*11,  which  I  was 
led  to  adopt  as  definitive  by  combining  the  preceding  value 
with  that  derived  from  the  right-ascensions.  Being  in 
doubt  on  this  point  1  ask  leave  to  show  how  his  argument 
leads  up  to  it. 


On  p.  171  he  gives  a  list  of  thirteen  standard  authorities 
among  those  which  he  used  in  forming  his  normal  system, 
and  finds  the  probable  systematic  error  of  100  n  derivable 
from  these  authorities  to  be  only  ±  0*.085  instead  of  i  0*.10 

as  I  had  estimated.  Now  in  my  recent  derivation  of  a 
new  standard  system  of  declinations  I  have  employed  all 
these  authorities  (Lauoier  1853  excepted)  and  a  num- 
ber of  others,  notably  Pulkowa  1865  and  1885,  the  Green- 
wich results  up  to  1892,  Mt.  Hamilton  1894  96,  and 
Auwers's-Bradley,  the  latter  being  (so  far  as  the 
particular  correction  kcosu  is  concerned,  which  cor- 
rection is  the  only  one  that  enters  into  the  present 
discussion)  first  reduced  to  Boss's  standard  within  those 
zones  of  declination  where  it  seemed  to  differ  appreciably 
from  that  standard.  In  this  way  the  weight  of  the  result 
for  k  cos  «  was  more  than  doubled,  so  that  the  probable 
error  would  be  reduced  from  ±0".085  to  less  than  ±0".06. 
On  this  system  a  catalogue  of  more  than  1200  stars  was 
formed,  859  of  which  are  common  to  Auwers's  I'.i.aih.i  v. 
The  centennial  motions  of  these  859  stars  in  declination 
were  then  compared  with  those  of  Auwers  and  the  means 
taken  for  every  hour  of  It. A.,  omitting  6  Centauri  owing  to 
its  discordance,  with  the  following  results  : 


;..\. 

JftS 

No.  of 

R.A. 

JD,8 

Xo.  of 

N—A 

Stars 

N—A 

Stars 

h 

it 

h 

B 

0 

-0.54 

34 

12 

-0.20 

34 

1 

-   .07 

4:; 

13 

-   .39 

25 

•> 

-   .58 

.•'.7 

11 

-  .06 

36 

3 

-  .68 

33 

15 

-  .41 

33 

4 

-   .48 

35 

16 

-   .68 

47 

5 

-   .74 

44 

17 

-  .30 

40 

6 

—   .57 

37 

IS 

—  .46 

35 

7 

-   .94 

33 

19 

-   .74 

45 

8 

-   .58 

28 

20 

-   .45 

45 

9 

-    .72 

26 

21 

-   .34 

42 

10 

-0.84 

32 

22 

-   .58 

.39 

11 

-1.00 

28 

23 

-0.51 

37 

Giving  equal  weight  to  each  hour  of  B.A.,  and  expressing 
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the- difference,  .W—  A,  in  the  form     c  +  kcos«,     the  value 
of  k  comes  out     k  =  — 0".004. 

It  thus  appears  that  in  this  point  At  wtais's  proper 
motions  may  be  taken  to  harmonize  absolutely  with  a 
standard  derived  from  all  existing  material  up  to  1895. 

Next  consider  the  accidental  error  arising  from  tin- 
diversity  of  proper  motions  of  different  stars,  and  the  errors 
of  their  individual  determinations  by  Auwers.  On  p.  53 
of  my  paper  will  be  found  the  results  for  100  fl  derived 
from  seven  separate  zones  of  declination  by  two  methods 
of  procedure.  In  the  first  method  the  declinations  of  all 
those  Boss-stars  found  in  Auweks's-Bkadlky  were  re- 
duced to  1755,  and  compared  with  Auweus,  and,  as  just 
stated,  systematic  corrections  to  the  latter  in  different 
zones  thus  derived.     The  results  are  these  : 


100  n 

Zone 

With  red.  to  Boss 

Without  red. 

Weight 

-20  to 

0 

2005.20 

2005.26 

108 

0    " 

+15 

5.59 

5.39 

96 

+  15    « 

30 

5.31 

5.27 

105 

30    " 

45 

4.66 

5.08 

71 

45    " 

60 

5.24 

5.12 

64 

60    " 

75 

.V7  1 

5.34 

49 

75    " 

90 

5.17 

4.77 

30 

Mean  i 

esult 

2005.29 

2005.23 

523 

It  will  be  seen  that  the  results  are  decidedly  more  har- 
monious without  reduction  to  the  Boss  system,  a  fact  which 
leads  me  to  doubt  the  reality  of  the  reduction. 

If  now  we  determine  the  probable  error  from  the  dis- 
cordance of  the  seven  independent  results,  we  shall  find, 


Mean  error  for  weight  1 
Mean  error  for  weight  523 
Probable  error  for  weight 


=   ±1.43 

=   ±0.062 
=   ±0.042 


Combining  this  with  the  probable  systemal  ie  error  ±  I)".(l6 
we  shall  have  the  probable  error  of  100  n,  ±0".073,  and 
that  of  the  precession,  ±0".18.  But  I  think  an  estimate 
like  this  smaller  than  the  actual  probable  error,  and  am 
disposed  to  adhere  to  my  former  estimate. 

IV.  Meridian  Observations  of  Southern  Stars.  l.*;i\ 
ing  out  what  Prof.  Boss  says  of  my  own  proceedings  and 
views  on  this  subject,  which  are  inmost  points  entirely  mis- 
Leading,  1  sec  nothing  under  this  head  which  calls  for  other 
remark  than  interest  in  and  appreciation  of  the  projected 
work  of  his  own  which  he  describes. 

V.  Remarks  on  the  Discussion.  As  1  hope  to  say  noth- 
ing more  in  the  Astronomical  Journal  on  this  subject.  T  will 
submit  some  general  remarks. 

It  seems  to  me  that  Prof.  Boss's  objections  to  a 
change  of  the  adopted  precession  are  permanent  in  their 
nature,  and    will    be  as  cogent   in   1950,  should   the   S  r i; i  \  t: 

constants  ho  continued  till  that   date,  as  they  are  fco-daj 


There   will   be   no    greater  ••  emergency  "  then  than  now. 
There  will   then   be  a  greater  mass  of  unused  material  in  ■ 
any  discussion oi  the  prece  sional constant  likely  to  be  then 
made  than  there  is  now,  tor  the  reason  that  the  tota 
will  be  increased  by  50  years  of  observation,  and  will  be  so 
\a-t  that   in,  one  man  can  handle  it  up  to  date.       i 
tigator  must  there!  the  best  on  which  to  ba 

conclusions,  ami  then  there  v.  ill  In-  no  limit  to  the  rhetorical 
force  with  which  the  obji  ie  the  value  of  the 

omitted  material,  and  the  magnitude  of  the  mistake  made 
in  leaving  it  out. 

Nor  will  the  inclusion  of  any  amount  of  material  make 
the  case  of  the  investigator  any  better.  All  astronomical 
works  have  imperfections  and  oversights  which  the  critic 
can  point  out  and  descant  upon  at  any  length. 
kind  of  criticism  may  be  applied  to  the  work  I 
portions  of  its  material  to  throw  doubt  on  what  is  left. 
Mr.  Hill's  paper  in  A.J.  428,  and  l'.os>'s  on  pp.  172-73, 
afford  instances  so  remarkable  that  1  shall  cite  them. 

In  my  work  on  the  planetary  1 1 
reduced  all  the  meridian-observations  of  the  sun  made  at 
Greenwich  by  Maskklvne  and   Pond,  from  about   17' 
1830    or    later,   and  corrected  or    re-reduced    all  made    at 
13  leading  observatories   from  1750  to  1  S92  so  far  as 
.were  published  and  available,  so  as  to  have  an  unbroken 
series  of  40,000  observations  reduced  to  one  standard.    The 
results  are  summarized  and  discussed  in  Chapter  II 
Elements  and  Constants,  and  the  motion  of  the  equinox  to 
which  they  lead  was  fully  set  forth  in  A.J.  359. 

Now  Mr.  Hill  collects  u>\  results  bj  selecting  the 
older  reductions  of  some  of  these  same  observations,  and 
showing  that  they  lead  to  results  different  from  mine. 
Prof.  Boss  repeats  the  process  on  p.  172.  I  think  this 
worthy  of  note  because  that  future  generation  may  deem 
itself  fortunate  which  counts  among  its  numbers  an  as- 
tronomer of  more  perspicacity  than  Mr.  Una.  or  a  mere 
accomplished  masterof  the  wholesul 

than  Prof.  Boss.  It  is  also  instructive  as  showing  the 
possible  bad  consequences  of  an\  attempt  to  utilize  all  ex- 
isting material  of  any  kind. 

1  may  add  a  word  more  about  the  constants  of  nutation 
and  aberration.  Much  has  been  said  about  the  inconvenience 
that  will  be  caused  by  the  change  The  great  brunt  of  this 
inconvenience  has  been  borne  bj  the  Direi  torsoi  theepheme- 
rides  themselves,  who  have  been  obliged  to  correct  their 
tablesand  formulas.  The  inconvenience  of  the  invest 
who  is  to  correct  the  adopted  values  will  be  much  less  than 

,1 ause  it  willbemuchi  lovi  tor  the  change 

than  it  has  been  to  make  it.  The  astronomer  who  onlj 
makes  and  t><  as  will  suffer  no  inconvenience 

at  all,  because   it  is  is  easj  to  use  one  set  of  numb 
hex  in  star-reductions. 
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NOTE   (>N    THE    FOREGOING    COMMUNICATION, 

liv   I.KU  [S    BOSS. 


It  seems  to  me  thai  this  discussion  between  Professor 
N  i  w  ■  •  > \i i-.  and  myself  has  reached  a  point  where  do  good 
purpose  would  be  served  by  continuing  it  ;  and,  therefore, 
I    welcome   his   intimation   thai    he  is   i  have  it 

closed. 

I  have  directed  the  attention  of  astronomers  pointedly 
to  the  question  whether  it  is  desirable  to  recognize  the 
quasi-official  determination  of  astronomical  constants  bj  a 
conference  no1  dulj  authorized  to  represent  the  general 
of  astronomers.  This  has  obliged  me  to  consider 
Professor  Newcomb's  work  on  the  precessional  motion  in 
the  light  of  the  virtual  claim  it  makes  (through  t  lie  Con- 
ference) to  genera]  assent  and  adoption.  Otherwise  I  should 
nol  have  written  a  word  in  criticism  of  that  work.  Further- 
more, 1  have  endeavored  to  consider  only  the  broader  ques- 
tions involved  in  the  work,  neglecting  less  important  de- 
fects for  lack  of  time  and  space. 

The  ease  and  apparent  candor  with  which  Professor 
New<  "\i>; sedes  nearly  all  the  propositions  of  a  techni- 
cal character  which  I  have  advanced,  even  to  the  verge  of 
inconsistency  with  his  former  views,  is  more  than  offset  by 
his  manner  of  dealing  with  other  matters,  as  illustrated 
under  heads  II  and  IV  of  the  foregoing  communication. 
But  if  those  who  feel  an  interest  in  this  question  will  care- 
fully compare  my  various  communications  with  Professor 
Newcomb's  original  work,  and  his  rejoinders,  I  shall  be 
quite  content  to  rest  the  case  in  that  way. 

There  are,  however,  three  points  upon  which  a  few  words 
of  further  comment  appear  desirable. 

First,  what  I  have  said  as  to  the  probable  accuracy  with 
which  100  An  could  be  determined  is  perfectly  clear  and 
has  referred  chiefly  to  consideration  of  systematic  error  of 
the  Eorm  KCOSa  in  the  standard  declinations,  because  Pro- 
fessor Newcomb  laid  especial  stress  upon  that  point.  In 
every  one  of  my  articles,  however.  I  have  also  pointed  out 
other  conditions  which  seem  to  me  indispensable  for  the 
advantageous  use  of  declinations  in  investigating  preces- 
sional motion,  ail  of  which  have  been  violated  in  Professor 
Newcomb's  work.  It  is  not  possible,  therefore,  that  I 
should  have  maintained  that  his  result  is  even  better  than 
he  thought  it.  On  the  contrary,  in  order  to  emphasize  my 
distrust  of  his  result  and  his  method  I  called  attention  to 
the  discrepancy  of  0".68  between  his  value  .of  100  An  and 
that  of  Ltjdwtg  Stiuve,  the  proper  motions  in  the  two 
ease-,  being  virtually  identical.  Professor  Newcomb's  ex- 
hibit under  head  III  appears  to  me  simply  to  illustrate  how 
deceptive,  in  the  systematic  sense,  are  the  results  of  a  dis- 
cussion of  this  kind  which  is  founded  on  only  2000  proper 
motions,  derived  from  only  two  series  of  star-positions,  and 
with  four-fifths  of  the  weight  in  a  single  hemisphere.     The 


in  my  previous  comma- 


demonstration,  in  detail,  is   found 
mentions  .in  this  subject. 

Secondly,  in  his  last  two  articles  Professor  New!  omb  has 

e  lit  iei  Ned  l  >r.  1 1  ii. i.  for  t  he  m;i  iiner  in  which  he  attempts  to 
correct  the  motion  of  the  equinox,  .v, :  and  now  Professor 
N i  w<  omb  includes  me  with  Dr.  Bill  in  his  strictures,  Be 
says:  "  A  yet  worse  kind  of  criticism  may  be  applied  to 
the  work  by  selecting  portions  of  its  material  to  use  in 
throwing  doubt  on  what  is  left.     Mr.  Bill's  paper  in  A.J. 

128,  ami  Boss's  on  pp.  172  7.';,  afford  instances  so  remark- 
able that  I  shall  cite  them."  Professor  Newcomb's  argu- 
ments are  not  always  stated  with  sufficient  precis 
afford  the  basis  of  a  reply:  and  what  is  now  the  nature  of 
his  charge  against  Dr.  Bill  and  me  is  not  altogether  clear, 
■  as  will  appear  from  the  fourth  and  fifth  paragraphs  of  his 
head  V,  in  connection  with  the  facts  which  I  proceed  to  set 
forth.  The  casual  reader  of  the  fourth  paragraph  might 
naturally  suppose  that  this  has  something  to  do  with  his 
determination  of  the  precessional  motion;  how  little  this 
is  the  case  will  presently  appear. 

Referring  now  to  page  NN,  of  Elfutrnts  <nnl  (''oiistmifs, 
we  shall  find  that  the  outcome  of  Professor  Newcomb's  in- 
vestigation of  the  40,000  sun-observations,  of  which  he 
speaks,  is  to  correct  the  centennial  motion  of  his  equinox, 
N1}  by  —  0"..°,4  =  JE'.  Including  similar  corrections 
derived  from  observations  of  Mercury  and  Venus  he  dedui  es 

IE'  =  +0".30.  In  A.J.  336,  p.  187,  he  quotes  and  appar- 
ently indorses  this  work  without  change.  In  A.J.  359, 
p.  L88,  we  find  : 


JE'  = 


.S'JO, 

-o".:;: 


Mercury 
+VM 


Venus 

+  0".20 


Adopted 

+  o".4o 


These  values  are  apparently  presented  as  revisions  of 
those  previously  cited  ;  but  when  we  come  later  to  the  Paris 
Conference  (Proces-Verbaux,  p.  20)  he  appears  to  have  re- 
turned to  the  original  quantities.  The  difference,  however, 
is  not  very  material.  In  response  to  pressing  inquiries. 
Professor  Newcomb  is  reported  as  saying  at  the  Confer- 
ence :  "  Vu  la  petitesse  des  corrections  pour  l'e'quinoxe  du 
systeme  X,  .  il  vaudrait  peut-etre  mieux  accepter  cet  equi- 
noxe  sans  correction."  The  above  is  all  that  I  find  in  re- 
gard to  Professor  Newcomb's  latest  determination  of  IE'. 
from  observations  of  the  sun,  up  to  the  publication  of  "  The 
Precessional  Constant";  that  is  to  say,  AE'  =  —  0".34. 
Dr.  Hill  finds,  JE'  =  -1".0.  I  prefer,  JEJ'  =  -0".60; 
which,  in  comparison  with  the  value  found  by  Professor 
Xkw(  omb  in  1895,  and  apparently  now  approved  by  him, 
cannot  be  regarded  as  seriously  discordant.  I  can  scarcely 
conceive  that  his  complaint  has  reference  to  this  discord- 
ance.    It  must  be  remembered,  however,  that  my  computa- 


X"  i:;:; 
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tions  {A.J.  430,  pp.  171-2)  had  reference  to  the  correction, 
AE'  =  +0".."),  found  on  page  71  of  '•The  Precessional 
Constant."  ••  I  find,"  Professor  Xi:\v  omh  there  says,  "  '  liat 
taking  the  Sun's  absolute  longitude  as  given  in  my  new 
theory,  a  rough  investigation  of  the  Greenwich  results  dur- 
ing the  sixty  years,  1835-1895,  leads  to  the  approximate 
value,  JE'  =  +0".5."  Strange  as  it  may  seem  Professor 
Newcomb,  in  his  summing  up  at  this  point,  does  not  even 
mention  his  former  and  elaborate  investigation,  the  results 
id'  which  are  exhibited  in  his  Elements  and  Constants  (p.88) 
and  referred  to  in  the  foregoing  article.  Why  did  he  ignore 
this  work  of  his  in  the  latter  half  of  1896  and  through 
1897,  to  approve  it  again  in  1898?  Why  does  he  employ 
only  this  "rough  investigation''  of  the  modern  Greenwich 
observations,  in  connection  with  observations  of  Mercury, 
to  correct  the  centennial  motion  of  2VJ '.'  About  three-fifths 
of  these  Greenwich  observations  had  Keen  already  included 
in  A',  ;  and  this  makes  Professor  Newcomb's  procedure 
seem  all  the  more  strange.  My  criticism  had  direct  refer- 
ence to  this  singular  state  of  things. 

It  is  true  that  he  finally  arrives  at  the  definitive  correc- 
tion, IE'  =  +0".30;  by  a  coincidence  this  agrees  with 
his  finally  adopted  correction  in  the  Elements  and  Con- 
stants ;  but  he  makes  no  allusion  to  this  coincidence.  It 
appears  that  this  quantity  was  originally  obtained  some- 
what in  the  following  manner  (see  also  A.  J.  No.  33G,  p.  187)  : 
Source  AE>  Wt. 

i;.A.  of  Sun  -O."o4         2 

R.A.  of  Mercury         +0.79         3 
K.A.  of    Venus  +0.1  I  2 

Adopted  +0.30 

It'  the  result  had  appeared  in  that  form,  however,  objec- 
tion to  the  use  of  observations  of  Venus  and  Mercury  for 
this  purpose  and  with  such  relative  weights  would  have 
occurred  to  nearly  every  practical  astronomer  of  experience, 
not  excepting  members  of  the  Paris  Conference  |  Proces- 
Verbaux,  pp.21, 22).  He  could  then  have  exhibited  his 
values  of  A\\i  as  follows  : 

Source  •  '</' 

R.A.'s  of  the  Sun  -0.01 

R.A.'s  of  Mercury  +1.22 

R.A.'s  of    Venus  +0.51 

Declinations  +1.12 

Considering  the  great  liability  of  observed  right-ascen- 
sions of  Mercury  and  Venus  to  anomalous  errors  of  a  sys- 


tematic nature,  and.  also,  the  uncertainty  -which  remains  in 
the  theories  of  thi  .nty  which, 

may  well  produce  an  error  amounting  to  a  large 
a  second  intl  ductions,  1  think  it  would  generally 

be  regarded  as  quite  inadvisable  and  unsafe  to  retain  the 
second  and  third  of  the  values  in  the  foregoing  table.  Ex- 
cluding these  we  are  confronted  with  the  large  discrepancy 
between  the  first  and  last  values  to  which  I  have  frequently 
alluded.  It  is  this  which  imperatively  demands  further 
examination  by  independent  testimony;  especially  when 
Ltjdwig  Stki  ve's  investigation  would  have  replaced  the 
above  result  through  declinations  by  -  u".60. 

Thirdly,  nothing  short  of  the  inclusion  of  every  scrap  of 
available  evidence  bearing  on  the  value  of  the  p 
motion  is  ever  destined  to  completely  satisfy  astrom 
They  will  be  restlessly  striving  for  further  knowledge  until 
that  time.  But,  meanwhile,  Professor  Newcomb  need  not 
fear  that  the  ordinary  demand  for  accuracy  in  our  knowl- 
edge of  that  element,  as  applied  to  current  use.  will  go 
beyond  human  power  to  gratify  it;  or  that  a  pack  of  rav- 
enous critics  is  likely  to  assail  every  uew  effort  for  improve- 
ment. Left  to  themselves,  astronomers  will,  in  a  natural 
way,  find  what  besl  suits  their  purposes.  The  demand  for 
accuracy  will  call  out  adequate  effort  to  meet  it  ;  nor  will 
miracles  of  endeavor  1"-  exacted.  For  my  part,  I  see  no 
reason  why  astronomers  who  choose  to  do  so,  should  not 
freely  abandon  the  use  of  Stbuve's  precession  now.  when- 
ever thejT  may  become  convinced  that  they  can  better 
themselves  and  think  it  worth  while.  But  a  very  dis- 
tinct and  positive  advance  in  our  knowledge  is  desirable, 
and  a  distinct  perception  thai  such  an  advance  has 
made  is  required,  before  concerted  action  ought  to  I  i 
templated. 

In  conclusion,  I  wish  to  remark  that  what  I  shall  have 
to  pie, cut  relative  to  the  Southern  Star-Catalogues  .  see  A.J. 
130)  need  not  wear,  and  is  not  intended  to  present,  a  con- 
troversial aspect.  Therefore,  1  may  hope  that  I  shall  have 
no  further  occasion  to  appear  in  this  discussion  in  the  very 
distasteful  role  of  critic,  — a  role  which  is  never  pleasant 
and  is  rarely  profitable.  Yet  I  hope  the  time  and  energy 
employed  in  this  discussion  have  not  Keen  wholly  wasted. 
They  will  not  have  been  wasted  should  they  stimulate 
meridian-observers  in  the  smallest  degrei  ecially 

the  observers  ;>t  our  antipodes)  to  exercise  greater  skill, 
judgement,  and  diligence  in  supplying  the  obvious  deficien- 
cies of  our  knowledge  in  sidereal  astronomy. 


CONFIRMATIONS   OF    VARIABILITY, 

Bi   .1.  A.  PARKHDKST. 


Y  \  in  \i:i.i.   in    Lynx. 
<■■<'  32™  -2-.'t     ,     +oS°  2'   IS  '     (1855). 
The  variability  of  this  star,  which  is  not    in   the   DM., 
was   announced   by  ANDERSON    in    A.N.  3467,  who   found    it 


lo". o.  L897  April  21,  and  9».5,  Dec.  17.     I  have  measured 
its  position  relative  to  the  A..G. Catal,  sj        ■  ,1  find 

il   '-'!  ;6  following,  and   l    10"  south,  giving  the  abovi 

sitious.      M\  as  of  its  magnitude  are 
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L898  Jan.  16 

M 

L0.1 

1898  Feb.    5 

L0.5 

17 

9.9 

15 

10.8 

18 

L0. 2 

23 

11.3 

20 

10.2 

Mar.     1 

111 

26 

in.:; 

L3 

1  II 

•-".i 

Id.i' V 

23 

12.0 

This  variable  lias  a  companion  of  the  12*  or  L2*.5,  in 
position  angle  155°,  distance  12".6  (result  >>r  three  night's 
!h  bhe  10-inch,  kindly  communicated  by  Prof . 
Barnard.  Prof.  Geobgi  Comstock's  measures  on  one 
night,  b  itli  tin-  15-inchj  are  in  close  u  cordj  angle  154°, 
distance  L3".2  ;  remark,  "difficull  "). 

\'  mm  lble   in    Draco. 
DM.  4-C.7  1124     :     I9h  9m  54-     .     +67°  2' 4"     (1856). 
Anderson  ( .  l..v.\'il<i.">i  found  this  star  fainter  than  10". 0 
in  the  early  autumn  of  1897,  and  9*.4  on  Nov.  26.     I  have 
the  following  observations: 


1898  Jan.     I 

10.0 

5 

Ki.ii 

16 

10.4 

20 

10.6 

26 

10.6 

1898  Feb.    3 

1U.7 

15 

11.1 

2:: 

ii. <; 

Mai-,  i:: 

11.0 

23 

12.5 

Espik  '.'l  I- 

-     ii      .      f.M    28'.6    (1865). 

This  star  was  announced  as  variable  by  Espin  in  .I.-/.  126, 
and  further  particulars  given  in  . I. -V.  .1177.  I  have  the 
following  observations  : 


L898  Jan.  26 

<11 .5  invis. 

L898  Mai.    r. 

11.3 

27 

<  12.(1       " 

13 

l  1.0 

I  eb  L5 

L2.5 

15 

10.9 

2:; 

11.7 

23 

[0.8 

Mar    2 

11.  (i 

A,,,.      1 

10.1 

I  have  measured  its  place  with  the  filar  micrometer,  rela- 
tive to  the  A.G.Catal.  stars,  DM.  4-54  2363and  4-5l°2374, 
obtaining 


R.A.  2(i  28  44.3 
29  55.4 


Drcl. 


4-54  28  28     (1855) 
37  36     (1900) 


There  is  a  10"  star  34'  prec,  0'.9  smith;  an  11"  22'  foil., 
0'.3  north;  and  an  11*  39'  loll.,  O'.G  north,  of  the  vari- 
able. 

The   confirmation   here   given   by  Mr.  PABKHITB8T   of  these  variables,  the  first  two  discovered  by  Anderson,  the  last  by  EePIN, 
permits  the  following  notation  to  be  assigned  :  (  o     ( 

2376     S  Lyncis,  ;        (1900)     G3™b6     4-58    0.5         ;         (1855)     6  32     3     4-58     2.S 

6S90     U  Draco,, is,  19     9  57     4-67     6.9  19     9  54     4-67     2.4 

7379  ST  Cyyni,  20  29  55     4-54  37.6  20  28  44     4-51  28.5 


ELEMENTS  AND  EPHEMERIS  OF   COMET  b  1898  (pjzrrine), 

By  C.  D.  PERK1NE. 


The  following  system  of  elements  has  been  obtained  from 
my  observations  of  March  19,  22  and  26. 
T  =   1898  March  16a.79123 

o  =  aJS-fS  «fl  Ecliptic  and  mean 

"-  2?^?Sije^oxofl898-° 

log  7   =  0.040024 

Residuals  of  the  middle  place, 

O-C,     JA.  cos /3  =  4- 0".3     ,     Jp  =  -0".3 

Constants  foe  the  Equator  of  189S.0. 

.  x  =  r[9.516976]  sin(w4-  22° 57  23*6) 
y  =  r  [9.999997]  sin(«4-292  20  32.3) 
z  =  r[9.975153]  sia(v+   22  16     3.6) 
Lick  Observatory,   University  of  California,   1808  March  31. 


Ephemeris  for  Greenwich  Mean  Midnight. 


1S98 

a 

8 

log  A 

Br. 

Apr.    7.5 

22  33 

56 

4-35     0.5 

0.2099 

0.87 

11.5 

22  52 

."7 

38  25.2 

15.5 

23  12 

8 

41  32.3 

0.2262 

0.75 

19.5 

23  32 

24 

44  20.3 

23.5 

23  53 

18 

46  48.6 

(1.2474 

0.62 

27.5 

0  14 

38 

48  57.1 

May    1.5 

0  36 

14 

50  46.0 

0.2714 

0.50 

5.5 

0  57 

54 

52  16.5 

9.5 

1   19 

24 

53  29.9 

ii.  2;  in:; 

0.40 

13.5 

1  40 

31 

4-54  27.8 

Brightness  at  discovery  taken  as  unity. 


ELEMENTS.  OF   COMET  b  1898  (periiixe), 

Bv    WILLIAM    J.   IIUSSF.Y. 


From   Mr.  Perrine's  observation    of   March  10,  at    the 

time  of  discovery,  and  my  observations  of  March  21  and 

22.    I    have    computed  the   following    elements    of    this 
comet : 


T  =  1898  March  19.1079  Gr,  M.T. 

„,  =  40°  31   Hi  ) 

ft  =  2<;:i  in  .-.:;     1808.0 

i  =  72  5:;  25  \ 

logy   =  0.04252 


N°-  433 
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O-C:     4\cosp=+o"    ,    .113=+:;" 

The  cornel    1ms  a  distinct  stellar  nucleus,  and  a  tail  be- 

tween one  and  tv,                        length.     According  to  photo- 

These  elements   do  not   resemble   those  of  any  other 

graphs  obtained  by  Mr.  Coddington  the  tail  has  branches 

comet. 

of  the  first  and  second  types. 

By     C.     D.     PERRINE. 
From  my  observations  of  March  19,  21   and  22,  I  have 
;omputed  the  following  elements  of  this  comet. 


0- 


n  (  J\  cos  /3  =  +   2 
'^\JP  =  -11 


T  =  1898  March  18.2236  Gr.M.T. 

o,  =     48°  32   18 


9,  =  264  54  34 
i  =     72  42  16 

logy   =  0.04128 


1898.0 


l!v    Mb.   R.  T.   (  l; AW'FORD  and  Mb.   PALMER. 


Telegraphic  information  from  Prof.  Leuschneb,  March 
26  and  27,  states  that  the  "third  observation  of  Berkeley 
was  slightly  erroneously  reduced."  and  gives  the  following 
corrected  elements  in  place  of  those  in  A.J.  131    132,  p.  220. 

Corrections  to  the  corresponding  ephemeris,  also  tele- 
graphed, are  not  here  repeated,  as  it  lias  meanwhile  expired. 


T  =  1898  March  19.06  Gr.  M.T. 


49  29 
263  L6 

71'  52 

1.1021 


1  N9S.II 


OBSERVATIONS  OF  COMET  b  1898  (perbine), 

MADE    AT   THE    LICK    OBSERVATOBY,    UNIVERSITY    OF   CALIFOBNIA, 

By  WILLIAM    J.  HUSSEY. 


1898  Mt.  Hamilton  M.T. 

* 

No. 
"Comp. 

la 

-* 

a/'s  apparent 
a                        S 

log  ;>A 
for  a           for  8 

Mar.  21 

17  10     3 

1 

15  ,  9 

-l"   3°48 

+  9  31.3 

21   25  59.75 

+  18  49  16.8 

.-.'.'•'.  17 

0.605 

.)•) 

16  29  13 

■  > 

10  ,  8 

+  3     7.32 

-0  32.5 

21  29  37.50 

+  19  49  50.9 

»9.679 

0.637 

26 

16  52  49 

3 

12,8 

+  1  34.58 

-1   15.3 

21   45     6.42 

+23  58     7.5 

»9.676 

0.578 

27 

16     0  21 

1 

d  8  ,8 

_o  15.03 

+  5     2.7 

21   48  56.90 

+  2 1  5i;  57.6 

0.640 

16  20  34 

5 

dlO  .  8 

-0  29.22 

+  1  2S.2 

21    19     0.33 

+  21   57    11. 'J 

0.613 

28 

16  37.  52 

6 

4 

+  1   20.4 

+25  59     1.1 

0.585 

17      1    16 

7 

<210  .  L0 

-0   15.  in 

-2  49.5 

21   53     9.73 

+26     i»  16.4 

n9.673 

0.542 

29 

16  17   1 1 

8 

9  .  8 

-1    :,.:>:: 

-1      7.3 

21   57  21.75 

+26  51  50.1 

n9.708 

ii.  cm; 

30 

1(1     9  43 

10 

1 2  .  8 

-1  31.89 

+  1     9.9 

22     1   14.17 

+-27  57    10.9 

//.i.715 

0.609 

31 

15  56   13 

11 

8  .  8 

—  0  55.76 

+  2  33.3 

22     5  25.72 

+28  56     8.3 

_ 

0.625 

Mian  Place*  for  1898.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

-5.9 

Authority 

1 

21  "27"'   2^81 

+0*42 

+18  39  51   1 

Auwers,  Berlin  A..G.  Catal.  8779 

•> 

21   26  2:i.77 

+0.41 

+  19  50  29.5 

-6.1 

»          8776 

3 

21    13  31.48 

+0.36 

+  2:;  59  28.4 

-5.6 

Becker,  Berlin  A..G.  Catal.  sun; 

4 

21    19  11.58 

+  0.55 

+  2  1  51-     0.5 

-0.6 

«         «         ■•      8446 

*    5 

21    19  29.20 

+0.35 

+  21  56  22.3 

-5.6 

«              SI  17 

6 

21    51     I1.H5 

+0.35 

+  25  57  49:3 

5.6 

Graham,  Cai                      ,  A.G.  Catal 

13020 

7 

21   53  24.79 

+0.34 

'  26     3  11.4 

'•               "             

13050 

8 

21   58  29.95 

+0.33 

+26  59     2.7 

5.3 

10"  t    connected  with  *9 

9 

21  58  31.64 

+0.33 

+  27     3  56.6 

;,  3 

Graham,  Cambridge,  Km,'..  A  < 

13137 

10 

22     2  45.74 

+  (1.52 

+  L'7  56  36.2 

—5.2 

"                ••              

L3203 

11 

22     6  19.17 

+0.31 

+  28  53  40.1 

-5.1 

"              ••         "        " 

13251 

The  observations  of  March  28  were  made  with  the  86  Inch,  and  all  others  with  the  12-lnch  telescope.    1/  indicates  direct  measures. 
March  21,  wind  blowing  50  to  60  miles  an  hour. 

Mt.  Hamilton,  Cul.,  1898  April  2. 
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OBSERVATIONS   OF  COMET  6  L898  (perrixe), 


So. 

(  ..nij.. 


la 


I 


-o 


''>  apparenl 


log  pa 

for  a  for  8 


Ml     II  m, lit. .11    M    I,       h 

March  L9     L6   17  21 

21  Hi  31  8 

22  \r,  32  32 


M.I. 

March  25    21   37   18 


W  ii  ll    l  ill.   L2-IN0B    EQl   itorial,    Lick  Observatory,   bi    C.   I>     PERRINE.' 


dlO 

« 

13 

8 

hi 

(i 

0  10.55 

1  9.03 
H2  58.74 


-7  9.6 
I  7  19.3 
.   2  58.8 


21  is  36.89  I  L6  13  23.3  «9.663  0.645 
21  1'.".  54.20  f  18  17  34  8  »9.678  0.646 
21   29  28.92     +19   17  24.5      &9.697     0.695 


Greenwich  Ml' 

March  23.9342 


\i   VAS8AB  (mi. I.. i    Observatory,  b\    MARY  W.  WHITNEY. 
I      i      L2      |    +  0     7.66    |     -7  33.4       21    10  37.98  |   +22   18     -.: 

\i    (\i:ii   i,,\    (  .hi  ii. i     ui:,i,i:\   LTOBY,    n\     II.   ('.    WILSON. t 

.    I  '        •    I        ...        I        ...       21  33    3.6       +20   16  20. 


B9.655     0.658 


Mean    Places  for  1897.0  of  Comparison-Star*. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to                                            .     ,      . 
app.  pla.-,                                           Authority 

1 

2 
3 

4 

21b18m47.00 
21   27     2.81 
L'l   26  29.77 
21     m  29.81 

+  0.11          +16  50  38*9 
+  0.41'         +1S  39  51.4 
+  O.I1          +10  50  29.5 
+  0.7.1     ,     +22  55    ll.l 

-  -6.0 
-5.9 

-6.2 
-8.5 

Auwers,  Berlin  A..G.  Catal.  8726 
«  ••  "  "  8779 
<••             »         «         "     8776 

Becker,  Berlin  A.G.  Catal.  S377 

•  d  indicates  that  J.>  was  measured  with  micrometer.  Comet  has  a  bright  central  condensation  in  the  head,  surrounded  by  a 
nebulosity  about  2'  in  diameter.  Extending  away  from  the  sun  is  a  tail  probably  a  degree  long.  —  March  20,  cloudy. —March 21,  high 
wind,  telescope  vibrating  some.     Comet  distinctly  visible  to  naked  eye. 

f  Received  by  telegraph  from  Prof.  Payne,  through  the  courtesy  of  Mr.  Ritchie. 


ELEMENTS   OF   COMET    1897  III, 

By   JAMES    1IEW1XS,   Jr. 


From  the  elements  of  this  comet  given  by  Mr.  Perrine, 
an  ephemeris  was  computed  for  each  day  from  October  16 
in  November  10.  Mr.  A.  B.  Frizell  also  computed  the 
rectangular  coordinates.  By  comparison  with  this  ephem- 
eris the  following  normal  places  were  formed  for  the  mean 
equinox  1807.(1.  after  having  applied  the  corrections  for 
parallax  and  aberration. 

Paris  M.T.  a  8 


Oct.  17.5 

23.5 
29.5 


52  54  36.0 

36  52  20.3 

350   17  51.7 


+67  7>7  6.8 
+76  11  34.5 
+81  40    15.9 


Obsns. 

4 
3 

4 


From  these  positions  the  following  elements  were  com- 
puted : 

Harvard  University,  1898  April  2. 


T  =    1S07  Dec.  S. 000477.  Paris  .M.T. 


&  = 
log  q    = 


Of.  14  2.1 
32  4  40.5 
69  38  35.1 
0.1317421' 


For  the  middle  place  the  residuals  are, 

C-O,     cos/3JA  =  +  1".0         J/3  =  -2".6 

The  coordinates  for  the  equator  and  mean  equinox  1 897.0, 
re 

x  =  r[9.9381354]  sin(t>+168  32  1.0) 
y  =  /•  [9.6971531]  sin(c  +  lC.s  s  25.6) 
z  =  r[9.9999981]  sin(w+   78  26  10.1) 


CONTEXTS. 
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A    NEW    GRAPHICAL    METHOD    OF    DETERMINING     THE    ELEMENTS    OF    A 

DOUBLE-STAR    ORBIT* 

By     HENRY     N  O  R  R I S    RUSSELL. 


Since  the  apparent  orbit  of  a  double  star  is  the  projec- 
tion of  the  true  orbit  on  the  plane  of  vision,  that  diameter 
of  the  apparent  orbit  which  passes  through  the  star  is  the 
orthogonal  projection  of  the  true  major  axis,  and  the  conju- 
gate diameter  is  that  of  the  true  minor  axis.  The  eccen- 
tricity of  the  true  orbit  is  known  from  the  apparent  orbit, 
and  hence  the  ratio  of  the  true  major  ami  minor  axes  can 
be  found. 

Now  if  we  increase  the  projection  of  the  minor  axis  in 
the  ratio  of  the  true  axis,  the  ellipse  which  has  as  conju- 
gate diameters  this  increased  line  and  the  projection  of  the 
major  axis  will  evidently  be  the  projection  of  the  circle 
circumscribed  about  the  true  orbit.  This  ellipse  may  be 
readily  constructed.  It  may  be  called  the  auxiliary  ellipse. 
Since  it  is  the  projection  of  a  circle  lying  in  the  plane  of 
the  true  orbit,  its  major  axis,  being  unshortened  by  pro- 
jection, is  evidently  parallel  to  the  line  of  nodes  of  the 
plane  of  the  orbit,  and  equal  in  length  to  a  diameter  of  the 
circle,  that  is,  to  the  major  axis  of  the  true  orbit.  The 
ratio  of  the  axes  of  the  auxiliary  ellipse  is  evidently  the 
cosine  of  the  inclination  of  the  true  orbit  to  the  plane  oi 
vision.  All  distances  perpendicular  to  the  line  of  nodes 
are  shortened  by  projection  in  this  ratio.  Therefore  if 
we  draw  a  perpendicular  from  the  apparent  position  /'  of 
the  prriastron  upon  the  major  axis  of  the  auxiliary  ellipse 
at  a  point  Q,  and  take  a  point  J!  so  that  QR  is  to  QP  as 
the  minor  axis  of  the  auxiliary  ellipse  is  to  the  major,  then 
l!  will  be  tli"  position  which  the  periastron  would  occupj 
if  the  orbit  was  turned  about  the  major  axis  of  the  auxiliary 
ellipse  into  the  plane  of  vision.  Therefore  the  angle  sub 
tended  bj  QR  at  the  center  of  the  ellipse  is  the  angle  be- 
tween the  node  and  periastron  in  the  true  orbit. 

The   elements   of   the    true   orbit    are    thus   completely 


determined.  The  necessary  constructions  can  all  be  made 
with  rule  and  compass,  are  reasonably  simple,  and  capable 
of  high  accuracy. 

The  period  and  periastron  passage  of  the  star  are  found 
in  the  usual  way  by  area-measurement. 

The  ephemeris  of  the  star  may  also  be  obtained  graphi- 
cally. Given  the  period,  periastron  passage,  and  1 
tricity,  the  eccentric  anomaly  of  the  star  in  its  true  orbit 
at  any  given  time  can  be  determined.  Now  if  in  the  true 
orbit  we  let  fall  a  perpendicular  from  the  small  star  upon 
the  major  axis,  the  ratio  of  the  distance  of  the  foot  of  this 
perpendicular  from  the  center  to  the  semi-axis  major  is  the 
cosine  of  the  eccentric  anomaly  of  the  star.  The  corre- 
sponding relation  in  the  apparent  orbit  is:  If  we  draw 
through  the  apparent  position  of  the  star  a  parallel  to  the 
projected  minor  axis,  the  ratio  of  the  distance  from  the 
center  of  the  apparent  ellipse  of  the  intersection  of  this 
parallel  with  the  projected  major  axis,  to  the  projected 
semi-major  axis,  is  the  cosine  of  the  eccentric  anomaly. 

Hence  follows  the  construction:  Describe  a  circle  on 
the  projected  major  axis  as  diameter.  Lay  off  on  it  an 
arc,  equal  to  the  eccentric  anomaly,  reckoning  from  the 
apparent  periastron  in  the  direction  of  the  star's  motion. 
From  the  extremity  oi  this  arc  draw  a  perpendicular  to  the 
projected  major  axis,  and  through  the  foot  of  this  perpen- 
dicular a  parallel  to  the  projected  minor  axis.  The  inter- 
in  of  this  line  with  the  apparent  orbit  will  be  the 
required  place  of  the  star.  It  is  interesting  to  note  that 
the  calculation  of  the  ephemeris  by  this  method  does  not 
require  a  knowledge  of  the  position  of  the  plane  of  the 
orbit,  nor  of  the  orbit  in  its  plane,  but  only  of  the  eccen- 
.  periastron  passage  and  period,  which  are  all  ob- 
tained directly  from  the  apparent  orbit. 


*ln  the  use  of  the  projection  of  the  circle  circumscribing  the  true  orbil  this  method  is  identical  with  that  developed  by  Zwkirs, 

A. N.  3386,     11   should  be  stated  that  ci Bpondence  with  Mr.  Russeli    on   this   poinl    develops  the  fact  that,  since  writing  the  above 

article,  he  recognizes  and  desires  it  to  be  anderst I  that,  while  his  ownVWork  was  done   independently,  and  without  the  know 

that  he  had  been  anticipated,  lie  makes  no  claim  of  priority  with  regard  to  the  geometrical  conception  Involved. -i-Kd. 
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I  in'   method    hei  oi  bed   oi   obtaining  the  eh 

diffei    from  T ie's  graphical  method  in  employing  the 

projection  of  the  circum  circle  of  the  true'  orbit, 

while  Tun  i  i  of  the  circle  which  is  the  locus  of 

harmonic  means  of  the  segments  of  focal  chords  of  the  true 
ellipse.  K  i.i  \  hi  ki  i  es's  met  hud  involves  measurement  oi 
the  position-angles  and  lengths  of  the  projected  major  and 
minor  axes,  and  then  a  computation  by  trigonometrical 
formulas.  It  can  hardlj  be  called  graphical  in  the  geo- 
metrical sense  of  the  word.  It  is,  however,  perhaps  the 
quickest  in  practice.  The  new  method  is  somewhat  slower, 
h   more  rapid  than  Thiele's.     The  new  method  Eor 

the  ephemeris  is  on  the  other  hand  considerably re  rapid 

than   the   usual   computation,  especially  when  the  whole 
period  is  to  be  covered,  as  the  graphical  h  ork  is  verj  simple. 

As  an  example  of  this  method,  1  have  computed  the 
orliit  of  t)  Cassiopeae,  using  about  eighty  selected  observa- 
tions, which  cover  the  period  from  17N0  to  the  present. 

By  the  use  of  interpolating  curves  for  angle  and  distance 
I  obtain  the  billowing  apparent  orbit: 

Major  axis,    16".02  Minor  axis,    10".64 

Angle  of  major  axis,    57°.0         Angle  of  periastron,    252°. 1 
Star  from  center,     3". 74 


whence  arc  derived   by   the  above  method  the  following 

(dements  : 


/'    202.5  yrs. 
a      8".25 ' 


e    0.486  i       13°.9 

Q,     48°,8  X     21  1  .2 

T     1008.1  n     1°.777 


This  orbit,  is  quite  similar  to  those  recently  pub- 
lished. 

The  observations  from  which  it  is  derived  have  all  been 
taken  from  the  original  sources,  except  those  marked  iii 
the  following  table  with  an  asterisk,  which  are  taken  from 
the  list  in  See's  "Evolution  of  the  Stellar  Systems."    Since 

the  purpose  of  the  computation  is  illustrative  merely,  the 
column  of  authorities  in  the  table  is  omitted,  for  brevity. 
The  agreement  of  the  observed  and  computed  places  is 
satisfactory. 

The  recent  measures  made  at  the  Lick  Observatory  give 
a  larger  distance  than  results  from  these  elements  ,.",".]  . 
but  about  the  same  angle.  Measures  made  at  other  places 
are  close  to  the  computed  values. 

The  means  of  the  data  of  observation  used,  and  the 
agreement  of  observed  and  computed  places,  are  shown  in 
the  following  table  : 


Date 

$o 

Po 

ft,—  6c 

PO—PC 

Date 

ft. 

Po 

Bo—  Be 

Po—  Pc 

L780.16 

70  (est.) 

,11.27 

+13.1 

-ol'2 

1863.13 

12L5 

t{.'M\ 

-IT 

+  0"06 

L782T.45 

62.1 

+  3.8 

1865.26 

125.7 

<;.7:; 

-0.5 

+  0.03 

1803.11 

70.  S 

+  0.8 

1867.60 

130.3 

6.49 

-0.3 

+0.02 

1814.10 

78.5 

9.70 

+  2.1 

-1.43 

1870.69 

136.3 

6.15 

-0.4 

±0.0(1 

1.820:16* 

81.1 

10.68 

+  0.8 

-0.10 

1873.43 

142.0 

5.87 

-0.2 

-0.04 

1828.01 

86.0 

10.37 

+'  0.4 

+  0.11 

1876.30 

1  19.0 

5.59 

-0.5 

-0.08 

L832.22 

8S.0 

9.76 

—   0.7 

—  0.06 

1S79.31 

157.1 

5.36 

+  0.7 

-0.09 

1 835.26 

91.2 

9.52 

+  0.1 

—0.07 

1882.56 

165.1 

5.16 

±0.0 

-0.10 

1841.16 

97.5 

9.24 

+   1.2 

+  0.10 

1880.22 

175.1 

4.98 

-0.2 

-0.11 

1847.40 

101.8 

8.49 

-  0.5 

-0.04 

1889.55 

184.4 

4.94 

-0.8 

-0.04 

1849.66 

105.0 

8.26 

+  0.3 

-0.04 

1892.25* 

193.5 

4.93 

-0.3 

+  0.01 

1851.84 

108.0 

8.04 

-   0.2 

-0.03 

1895.60 

204.4 

4.80 

-0.2 

±0.00 

L855.02 

112.1 

7.79 

+   1.1 

+  0.05 

1897.27 

209.3 

4.74 

+  0.2 

±0.00 

1S57.63 

115.2 

7.29 

+  0.8 

-0.18 

1898. 16t 

212.8 

4.73 

—0.2 

+  0.(12 

t  This  measure  was  made  with  the  9+-inch  equatorial  of  the  Working  Observatory  of  Princeton  University. 


it  ephemeris  is  added. 


1899.0 

216.2 

4.68 

1904.0 

235.0 

4.37 

1900.0 

219.6 

l.r,:: 

1905.0 

239.1 

4.28 

1901.0 

223.2 

4.58 

1900.0 

243.4 

4.2(1 

1902.0 

227.1 

4.52 

1907.0 

247.0 

4.10 

1903.0 

231.0 

4.45 

1908.0 

252.5 

3.99 

Princeton  University,  1S9S  March  19. 
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SECULAR    PERTURBATIONS   OF    VEWU8    FROM    THE    ACTION    OF   JUPITER, 

By  ERIC   DOOLITTLE. 


The  elements  employed  in  the  following  computation  are 
from  Dr.  G.  W.  Hill's  "New  Theory  of  Jupiter  and  Saturn" 
pp.  19, 192,  .5.34  and  .5.38. 


Venus. 


Jupiter. 


7T     = 

129  27  42.83 

i     = 

3  23  35.01 

a  = 

7.5  19  53.08 

e  = 

0.00084311 

log  a   = 

9.8593378 

n   = 

2106641".357 

in    = 

351, T34 

ft'  = 


Epoch  18.50.(1  G.M.T. 


11  .54  31.67 
1  18  42.10 
98  56  19.79 
0.04825511 
0.7162374 
109256".626 

1  .14  ',«;j 


The  orbit  of  Venus  was  divided  into  twelve  parts  with 
regard  to  the  eccentric  anomaly.  It  will  be  noticed  that, 
as  in  previous  cases,  the  sums  of  the  values  of  the  functions 
corresponding  respectively  to  the  odd  and  even  points  of 


division  fail  to  afford  a  test  of  the  earlier  part  of  the  work, 
owing  to  the  discordanci  ed  by  t,  and  the 

G'  and  (,".     The  final  sums  in  this  case  are,  however,  in 
very  satisfactory  agreement ;  the  greatest  difference  (which 
onds   to   a  difference   of  but 

0".000,000,018  in  the  value  of  |-^-l 

The  work  has  been  carried  twice  through  from  the 
ning,  and  such  test  equations  as  were  known  have  been 
applied. 

The  constants  of  the  orbit  and  the  auxiliary  fun 

are  as  follows  : 


I  =       2 

15  11.35 

log  A- 

=  p9.9998033 

//  =  247 

36  52.56 

log  Jfc' 

=  p9.9998610 

77'  =   130 

2  45.43 

log  e 

=  p8.7995614 

A'  =   117 

32   18.56 

c 

=     0.01 

K'  =  117 

35  25.70 

E 

log  r 

V 

A 

c 

logB 

9 

h 

'  0° 

9.8563557 

0     0     0.00 

27.418  18845 

97 

L5    15.88 

0.5230176 

0.68960365 

27.007779 

30 

9.8567564 

30  11    17.87 

27.28099847 

132 

59 

12.16 

0.4349088 

0.24993195 

27.007266 

60 

9.8578493 

60  20  24.50 

27.22724715 

170 

19 

10.25 

0.3880569 

0.001  15264 

27. (632 

90 

9.8593378 

90  23  31.50 

271271  64617 

221 

9 

29.86 

0.4279711 

0.19594869 

27.006515 

120 

9.8608213 

120  20  20.31 

27.40230326 

25  ( 

38 

13.59 

0.5146887 

0.64351702 

27.007039 

1 51 1 

9  861  9040 

150   11   43.65 

27.58420446 

287 

1 

57.24 

0.5966511 

0.89930104 

27.00770] 

180 

9.8622996 

1 80     0     0.00 

27.768  00(1 10 

312 

21 

41.59 

0.6568728 

0.70874081 

27.007850 

210 

9.8619040 

209    18  16.35 

27.90607834 

335 

36 

35.79 

0.693  00.57 

0.26150512 

27.007330 

240 

9.8608213 

230  30  30.00 

27.95980514 

3.57 

.57 

36.25 

0.7058197 

0.00206064 

27. (665 

270 

9.8593378 

269  36  28  50 

27.91539376 

I'd 

1.5 

35.00 

0.695  1928 

0.185! 

27. 1520 

300 

9.8578493 

299  39  35.50 

27.78474891 

4:; 

L'(» 

55.76 

0.6616578 

0.62528757 

27.007025 

330 

9.856  7564 

329  48  12.13 

27.602  87233 

68 

22 

41.53 

0.6035861 

0.87772776 

- 

Zx 

0.1.5.5  9965 

900     0     0.00 

165.561 19337 

1245 

23 

52.32 

3.450  11;;:, 

16233 

162  042990 

T 

0.1.5.5  9964 

1080     0     0.00 

105.56119353 

1065 

2.5 

31.58 

3.4516756 

2.67036294 

162.042990 

E                  I 

G 

G> 

G" 

6 

log  f 

0 

0.347678 

27.006  8207 

0.4107944 

0.06215867 

7   35    11. -5  7 

0.00574768 

5746     0.184  70221 

30 

0.210700 

27.0069201 

0.2483150 

0.03726867 

5 

53 

:.:;.:,:; 

0.003  16017 

0.27761215     0.181  - 

60 

(1.1.37.3s:; 

27. .6304 

0.1578551 

0. 127037 

1 

23 

IS.  11 

0.001  91340 

0.27555166     0.17896019 

90 

0.202098 

27.0062448 

0.233  1496 

0.03108029 

.5 

10 

35.79 

0.00320448 

0.27727161     0.181 

120 

0.332232 

27. ■  1  1.57 

0.3936568 

0.06053126 

7 

26 

34.62 

(i.di  1.5.3 1701 

0.28035168     0.184  35840 

150 

0.513  172 

27. 1  1436 

0.5728576 

0.058  L2876 

8 

10 

58.16 

0.007  69513 

1824     0  L8761506 

180 

0.697  717 

27.0068530 

0.734  1171 

0.03573164 

9 

12 

56.80 

0.009  12826 

0  28555246     0.190  20526 

210 

0.83.5  710 

27. (9600 

O.  SI  7. 5 113 

0.011  12507 

10 

10 

l  1.68 

0.01054  135 

1562     0.191  - 

240 

0.890108 

27. (662] 

0.8901968 

0.00008571 

10 

•J  7 

38.97 

0.01094130 

0  28756298     0.19246600 

270 

0.845842 

27. (2568 

0.854  L659 

1806094 

10 

17 

29.01 

0.01058711 

(242     0.191 

300 

0.714692 

27.0061  1  11 

0.7465850 

0.03101258 

9 

15 

50.06 

0.00952253 

:77.5     0.19034610 

330 

0.532  182 

27.000  1305 

0.588624  1 

0.05521  165 

8 

.32 

22.88 

0.007  854S9 

0.283  16069 

2i 

3.140010 

1 02.000  2.503 

3.333  5352 

0.18979023 

40 

.,.. 

3.43 

0.043  071  OS 

L.69535398     L.121 

2% 

3.140010. 

162.039  255S 

3.3449238 

0.20117838 

41) 

17 

34.05 

0  04334613 

1.005  72073     1.1214407.5 

12 
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E 

lO|    /■ 

log  r 

J\                       J, 

■' 

1 

o 

0 

30 
60 
90 
120 
L50 
180 
210 
240 
270 
300 
330 

7.4290890 
7.4282000 
7.4297377 
7.4332723 
7.4378460 
7.4422392 
7.4452930 
7.  lie, 'jo  l  l 
7.444  7133 
7.111  2095 
7.4366174 
7.4321742 

L8448027    6.1813194    6.1800737 
1.841  6643    6.177  1038    6.1766560 
1.8423400     6.1772232    6.1772178 
1.8466166    6.1822034    6.181  5797 
L8533278     6.1897695    6.1885562 
1.8606851     6.197  1531    6.1962891 
1.8667491     6.203  1502    6.2027348 
1.8699179     6.206  11  10   6.206  L852 
t.8693318     6.2057060    6.2057043 
L.865  l  L39    6.201  5516   6.201  3902 
1.8583731     6.1950025    6.1943816 
1.8509265    6.1876739   6.1865682 

27.032601  c."i       -fo.l  151  1043 
27.002  128557      +0.101  92507 
26.980  1 19  L38      +0.02691302 
27.031 356993          0.07055224 
27.065863046          0.159991  L0 
27.048572013          0.20267009 
27.006174576          0.17674090 
26-976509919          0.093  L6228 
26.979786076      +0.01124440 
27.007935305      +0.09774464 
27.036  174318      +0.1  1682513 
27.045934  111       +0.16010585 

-  0.9796507 

1.0502482 

0.8390983 

0.4027785 

+  o.1  II  7995 

i  0.6487166 

+0.9821  1  18 

+  1.0527424 

1  0.841  5929 

-t  0.4052732 

-0.1393049 

0.6462222 

t.3121624 

2.596  0090 

0.1762960 

1-2.2986164 

•  1.1655781 

•  I  9243381 
+4.371  5859 
1  2.655  1331 
+  o.2.'!5  720! 
—2.2391928 
-  L1061538 

I  86491  16 

4.6232964 
1.623296$ 

9.1349245     7.152  1707    7.1  186684 
9.1349243     7.1526998    7.1486684 

161.911558528*        0. S60902     +( 7  1833 

161.91  1  558518*    -0.00660905     +0.007  1833 

+0.1782719 
+0.1782712 

«  The  terra  '■'    ha,a  iu'en  removed  in  forming  the  sums. 


E 

Fa 

K 

So 

1F„                                -fit") 
a 

1  sin  E  I; 
a 

0° 

30 

60 

90 

120 

150 

180 

210 

240 

270 

300 

330 

1  O.OOI  171  13     0.0013439836 
O.ol  :;7'.I9C.I     O.OOl .3378723 
-0.00425156  !  0.0013439282 
+  0.083S58O9     0.001  35SS6I7 
+0.162874  16    0.001  3765538 
+0.15397825    0.0013917093 
+0.06595223    0.0014018961 
-0.01357095    0.0014066592 
^0.00563629    0.0014053074 
+0.08123098    0.001396  1225 
+0.15970886    0.0013800829 
+  0.15112247    0.0013602244 

-0.0000081929943 

0.000  002  7202988 
+  0.000  002821  1779 
+  O.0O0O05  129  2475 
+0.000005019  1299 
+  0.000  003  S.S2  2446 
+0.0000039768404 
+0.000004704  2587 

+0.0 3550  1098 

-0.000  OOO  S72  5072 
-0.0000066641223 
-0.0000099122256 

-0.00014785238 
-0.00015783804 

-0.000126  22122 
-0.00006059007 
+  0.000 023  05 US 
+  0.00010305711 
+  0.00015712801 
+  0.00016914113 
+0.00013510528 
+0.00006503287 

—  0.000O206  1  190 

—0.00009822805 

.   o.ooooll  104782 
-0.000003783208 
+0.000003913643 

+  0.000  0(17  505  SS3 

-f  0.000006915652 
+0.000005335546 
+  0.000005460578 
+0.000006465278 

+  0.000004  891  671 
-o.oooooi  206233 
-0.00000924  1  718 
-0.000013785254 

0.0000000000 
+  0.000  030  3113 
+  0.001614  5721 
+0.0018786178 
+0.001642  1891 
+0.0009563  I  18 

0.0000000000 
-0.0009666180 
-0.0016767973 
-0.0019305409 
-0.0016580071 
-0.0009458544 

1\ 

1-0.44281913    0.0082517519* 
+0.44281920    0.0082517523* 

+  0.000  000  7,10  74  11 
+0.000000510  7192 

+0.00002056897    +0.000000  532044  -0. 777432 

+  0.000  02056895    +0.000000532012  '-0.000077  739  1 

"The  corresponding  logarithms  compare  as  follows:     2.829  9550        2.S29  9557. 


E 

+i?„sin» 
+  .<?,.  (cos  r+cosE) 

— TfuCOSV 

+  So  1  -  sec  2  (f+1   Jsin  » 

W0  cos  u 

11",,  sin  it 

-2r-B0 

0° 

-0.0000163860 

-0.001343  9836 

-0.000086632804 

-0.000  11981268 

-0.O026695736 

30 

+0.0006682014 

-0.001 159  0573 

-0.000015602101 

-0.00015706504 

-0.002  659  8S77 

60 

+  0.00I  1706512 

-0.0006601482 

+  0.000052284193 

-0.00011488325 

-0.0026786592 

90 

+  0.001  3587959 

+  0.0000201574 

+  0.000049346057 

-0.00003516889 

-0.002  717  7294 

120 

+  0.0O1  L829926 

+  0.000703  9968 

-0.000022943878 

+0.00000222159 

-0.002  7625280 

1 50 

+0.0006850081 

+  0.0012114930 

-0.O00  093  907  380 

-0.00004245200 

-0.002  7999142 

180 

-0.0000079537 

+  0.001  401  S961 

-0.000092067787 

-0.000127  32924 

-0.0028229786 

210 

-0.0007073256 

+  0.001  2159042 

-0.000017870798 

-0.00016819438 

-0.002  8299915 

240 

-0.001216  1221 

+  0.000703  7025 

+  0.000054502  775 

-0.000123  62395 

-O.0O2  820  2318 

270 

-0.0OI  396  3839 

+  0.0000113009 

+  0.000052437627 

-0.00003846518 

-0.002792  8449 

300 

-0.0012058917 

■  -0.0006713715 

-0.000020520787 

+0.000002  23277 

-0.002  750  7212 

330 

-0.000  7013026 

-0.0011657067 

-0.000  089781837 

-0.00003984932 

-0.002  704  3278 

v 

-0.0000930097 

+0.0001340921 

-0.000115378288 

-0.000  48119476 

-0.016  5046924 

2* 

-0.000  0930067 

* 

+  0.0001340915 

-0.000115378432 

-0.000  48119481 

-0.0165046855 
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The  equation, 

sin  (f .  i  A™  +  cos  g  .  i?„<£->   =   0 

is  found  to  give  the  residual  +0.000000000  002  8. 

If  in'  is  left  indefinite,  the  resulting  values  of  the  differ- 
ential coefficients  are  the  following: 


£1-    "      ™ 


L  dt  Joo 
L  d\  Joo 

[■ 


+  6874.8117      »i' 


^L~|  =   +6879.8159 

dt  Joo 


10.510972 


^-1  =    -2854.6599      m' 

dLl 


5799.7390 


log  eoeff. 
&L5139493 

P3.8372608 

j>3.8375768 

«1. 607  5727 
/,."..  1555544 
»3.7634084 


It  we  adopt  the  mass  of  Jupiter  given  above: 

O'  =  1  -H  1047.879), 

the  following  values  finally  result: 

The  Flower  Observatory,  189S  April  5.  


L*l 


=   +6.5606924 


=    +6.5654682 


N 

[SI  - 


-2.7242270 


-5.5347410 


The  values  obtained  by    I-i  \  i  i  in  r  q   the 

Annal  rvatoire  dt   Paris,  Tome  II,  chaptei  7.  and 

Tome  VI,  page  6.     Those  of  Newi  omb  are  I  >und  • 
336  and  376  of  his  "Secular  Variations  of  thi 
Planets."     It  all  results  are  reduce-  >Iue  of 

m',  the  three  -'ties  of  values  compare  as  folio1 


r  del 

Results  of 
LeYkbbieb 

=    -0.03117 

Results  of 
Newi  om  i: 

-0.03117 

"1  of 

1.  \t  " 
-0.0311629 

=    +0.01 182 

+0.04491 

148955 

L^i 

=   -0.03865 

-o.o; 

_o.o  • 

L  dt  Joo 

L  *  Joo 

=    -0.10114 
=   -5.535 

-0.16122 

-0.lt 

5347410 

A  FOKM   OF  PERSONAL  EQUATION, 

By  TRUMAN  HENRY  SAPFORD. 


The  variations  of  personal  equation  with  the  magnitude 
of  the  stars  observed  has  been  studied  chiefly  for  chrono- 
graphic  transits,  and  in  what  follows  1  shall  attempt  to  add 
a  little  tu  what  is  known  respecting  this  variation  for  eye- 
and-ear  transits.  This  paper  will  give  the  results  of  a  re- 
consideration of  l'rof.  li.w-si  hinckk's  experiments  with 
screens  detailed  in  Vol.  -  of  the  Nern  Annalen  der  Stern- 
warte  vn  Bogenhausen  bei  Miinchen,  page  xxv. 

Prof.  Bauschinger  i'n  this  volume  gives  the  places  for 
1880.0  of  more  than  10,000  stars  (13200  single  observations) 
observed  by  himself  between  1884  and  L889.  To  determine 
tin-  variation  in  question  he  observed  a  number  of  stars  in 
1891,  both  with  screens  con  "  Schwarzem  Crepe"  oder 
■■  mattschwarzem  Kattun." 

The  "crepe"  diminished  the  light  by  1.5  magnitudes, 
and  was  employed  for  the  fainter  stars ;  the  "Kattun"  re- 
duced the  light  about  7  magnitudes,  and  was  employed  for 
the  brighter  stars.  The  mean  magnitudes  without  and  with 
the  screens  are  given  for  the  four  dates  of  observation. 


Mean 

M. an 

Date 

No.  Mars 

Bright 

-Faint 

Mi: 
w  Ithoul 

Mag. 

1891  Jan. 

L".t 

10 

0.036 

t    OHIO 

8  i 

31 

10 

+  0.O01 

±0.024 

;;.i 

9.1 

Feb. 

5 

10 

—0.012 

i  0.032 

3.0 

8.5 

■ 

9 

0.012 

±0.040 

2.6 

S.3 

mean  errors 


( iombining  these  accordin 
tain 

Bright-Faint    =  +0  .016    ±0  .016 

and   this   apparently   justifies     Prof.  Bauschingeb's 
elusion,  "dass  ein   nennenswerther  personlicher   Fehler  in 
der  Schatzung  der    Durchgange  von   Ster 
Grossenklassen  fiir  mirk  nicht  vorh 

But  it  will  be  noticed  that  the  ol 
indicate  a  discontinuity  for  stars  oi  the  apparent  screened 
magnitude  9.1.  For  all  the  other  dates.  Jan.31,  Feb.." 
and  7.  the  screened  stars  are  well  within  the  rat 
observations  with  the  Munich  meridian  circle  (109mm  in 
aperture)  but  for  the  excepted  date  the  stars  arc  faint 
enough  to  be  rather  difficult   of  observation  in  bright  field 

through  the  sc a.     The  phenomenon  here  indicated  that 

faint    stars  are  observed    too  early  under  similar  circum- 
stances  was    noticed    bj    Aia.n   woii:.   Bo       ■■     /.'•        ■r/itiui- 

■  ,'  ...  \  ol.  VI,  p.  xii. 

Prof.  A  i  webs  has  confirmed,  and  in  fact  more  than  con- 
firmed Argej  lndeb's  remark  on    his  own  met 
A. (i.e..  Berlin,  A.  p.  (92). 

In   a   similar  way  he   states,  p.  (90),  that   the  eompa 
of   At  WEBS  with    I'm  S(  H1NGBR  indicates  that    BaUSCHLNGEB 

also-observed  the  faint  stars  0*.08too  eat 

brighter  ones,  0'.079    ±0'.031,    is   the  combination  ■ 
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bhree  dates,  Jan.  29,  Feb.  5,  7,  would  Indicate  by  compari- 
son with  Jan.  31-,  as  Prof.  A  i  webs  lias  calculated,  and,  as  I 
infer,  coi  rectly. 

Prof.  Bai  si  hingee's  inference,  then,  as  to  his  own 
ascensions  m  lightly  modified.     His  ob'ser 

i: Lrgelander-phenomenon,"  uol  only  from  the 

screen-results,  bul  al  o  from  the  comparison  with  Prof. 
Ai  w  i  rs's  Berlin  zone.  The  rather  tempting  inference  thai 
the  Helligkeitsgleichung  is  always  such  thai  the  fainter 
stars  are  observed  later  than  brighter  ones  is  not  confirmed 

by   thi llection   of  such   data   on   page  (133)  oi    Prof. 

A.  i  wees's  Berlin  zone,  uor  by  other  similar  investigations, 
.so  far  as  the  w  riter  is  aware. 

The  indication  that  the  personal  equation  depends  very 

Little  "U  magnitude,  when  the  eye-and-ear  method  is  used, 

is  by  ti"  means  a  certain  proof  that  the  fact  is  so;  but  at 

:i  1 1  \  rate  can  be  tested  more  thoroughly  by  additional  ob- 

Williams  College  oliservatory,  1898  March  14. 


Bervationc  of  the  brighter  stars  through  screens, and  by  the 
method  ol  Bbadlei  both  with  and  without  screens, 
of  the  8"  foi  an  object-glass  of  1 1  12cm  cannot  but  furnish 
valuable  information  if  their  observation  is  made  by  eye- 
and-ear,  and  at  once  repeated  chrongraphically.  If.  as 
seems  likely,  the  personal  equation  depending  on  magnitude 

can  bj  g I  observing  be  reduced  to  small  importance,  this 

fact  would  be  a  desirable  one  to  show   Eorth.      A  c pleted 

and  published  /one  of  the  A.G.C.,  for  which  a  repetition  of 
the  observations  would  be  instructive,  is  that  from  65  to 
70°.  The  late  eminent,  director  of  the  '  Ihristiania  <  (bserva- 
tory,  to  whom  the  observations  of  the  right-ascensions  of 
this  /one  were  due,  was  a  pupil  of  A  m.i  i.  \\  m  i:'s,  and  his 
observations  were  excellent  of  their  kind,  and  a  repetition 
of  a  portion  of  them  within  a  few  years  would  be  bj  no 
means  a  wasted  labor  with  reference  to  the  Greenwich 
photography  in  that  zone. 


MAXIMA    AND   MINIMA   OF  LONG-PERIOD  VARIABLES, 

By  J.  A.   PARKHURST. 


L'f>7.  V  Andromedae. 
Since  the  maximum  reported  in  A.J.  412,  I  have  followed 
this  star  closely.  It  fell  rapidly  from  10".0,  1897  Aug.  27, 
to  my  limit,  12".8,  Oct.  25,  the  last  magnitude  of  decrease 
occupying  20  days.  It  remained  below  my  limit  more  than 
3  months,  on  1898  Jan.  18  being  less  than  12*,1,  and  was 
seen  Feb.  15  a1  llM.l.  The  rise  was  then  rapid,  reaching 
10".2  on  Mar.  1.  The  form  of  the  light-curve  suggests  a 
minimum  1S(.>7  Dec.  20  ±  Id  days,  at  a  magnitude  considera- 
bly below  13,  perhaps  as  low  as  14. 

29  I.      M'  Cassiopeae. 

I  have  19  observations  of  this  star  since  the  minimum 
reported  in  A.J.  105,  showing  a  steady  rise  to  a  maximum, 
8M.3,  1897  Oct.  1;  followed  by  a  more  rapid  fall  to  10M.o 
1898  Jan.  18. 

659.     X  < 'assiopeae. 

Since  the  minimum  noticed  in  A.J.  412,  I  have  20  ob- 
servations between  l897May3and  L898Feb.3.  The  rise 
was  slow  and  irregular  to  a  maximum  at  10*.l,  1897  Oct.  21, 
after  which  the  fall  was  a  little  more  rapid,  reaching  11 M' 
at  the  I 

2815.      U  Gem  inorum. 

1  have  the  following  obsi  i  \  al  ions  of  the  last  maximum  : 

Gr.  M.T. 
1898  Feb.  2.50     not  seen,  limit  12H.5 


3.54 

5.5  1 

6.56 

15.52 


11. 8±  moon 
9.70    bright  moon 
9.55    moon,  poor 

10.55    thin  clouds 


The  maximum  was  evidently  of  the  "  long "  type,  and 
probably^  occurred  within  a  day  or  two  of  Feb.  8. 

6100.     BVMerculis. 

I  first  saw  this  star  1S97  Aug.  23,  at  9".5.  It  fell  rapidly, 
till  on  Oct.  1  it  was  12M.4,  at  which  time  it  was  falling  a 
magnitude  in  12  days.  It  then  remained  below  my  limit 
(12s'. 8)  for  34- months.  It  was  next  seen  1898  Jan.  18  at 
12«.4,  and  by  Feb.  24  it  had  risen  to  10".3.  The  rapid  fall 
at  the  time  of  disappearance,  and  the  still  more  rapid  rise 
at  reappearance,  indicate  a  magnitude  at  minimum  as  low 
as  14M,  the  time  of  minimum  being  probably-  within  a  week 
or  two  of  1898  Dec.  1.     I  have  27  observations  in  all. 

6449.     T  Draconis. 

I  have  23  observations  of  this  star  between  1897  May.'! 
andl898  Mar. 6.  It  fell  slowly  and  irregularly  from  8".0to 
a  minimum,  12M.2,  on  1897  Dec.  17,  and  rose  to  10M.l  at  the 
last  observation.  It  was  fainter  than  the  10*.5  companion- 
star  from  Oct.  15  to  Feb.  15,  as  compared  with  .'!  months  at 
the  1896-minimum. 

r.o  19.      W  Lyrae. 

Since  the  maximum  reported  in  A.J.  426  I  have  7  obser- 
vations, showing  a  minimum  at  12".5  on  1898  Jan.  29.  The 
rise  was  a  little  more  rapid  than  the  decline,  the  star  reach- 
ing 10M.5  at  the  last  observation,  Alar.  2.     . 

7492.     J;Z  Cygni. 
The  present  series  began  1897  May  28  and  includes  ob- 
servations on  17  dates,  ending  1898  March  6.     The  star  fell 
very  slowly  from  11M.3  to  a  minimum,  12M.7,on  1897  Oct.  24, 
then  rose  more  rapidly  to  10M.3  at  the  last  observation. 
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7792.    ss  r, ,,,,,;. 

This  star  has  two  types  of  maxima  like  those  shown  by 
U  Geminorum.  At  the  "short"  maxima  it  remains  above 
normal  12  or  13  clays,  at  the  "long"  maxima,  18  or  19  days. 
The  January  maximum  belonged  to  the  "  long "  type,  as 

shown  by  the  following  observations  : 


1898, 

Gr.  T. 

1898,  Gr.  T. 

Jan. 

5.50 

11.30 

Jan.  26.50 

8.81 

1(3.50 

10.95 

27.54 

8.88 

17.52 

8.78 

29.52 

8.88 

18.52 

8.72 

31.50 

9.43 

19.00 

s.<;.-> 

Feb.   2.50 

10.28 

20.50 

8.53 

3.52 

10.83 

23.50 

8.84 

5.52 

11.45± 

The  maximum  seems  to  have  occurred  Jan.  20.5  at  8M.5, 

though  from  the  flatness  of  the  curve,  it  could  be  a  day 


later.     The  last  magnitude  in  the  list,  11.45,  the  lov  ■ 
Ear  recorded,  depends  on  but  one  comparison  in  | 

789(1.      VI 

The  season's  observations  began   1897  Jnlj  1.      ben  the 
star  was  not  seen,  being  below  11".      It  remain- 
Limit  during  July,  Aug.  and  Sept., and  was  firsl  seen  '  I 
at  11.*.8.     It   rose  steadily  to  a  maximum.  9". 1.  O) 
Dec.  L3,  then  fell  more  slowly  to  10".6  at  bserva- 

tion.   1898  Jan. 23.     The  interval  between  this 
the  corresponding  magnitudes,  reported  in  A.J.  105,  a  about 
304  days. 

8324.      P 'Cassiopeae. 

Since   the    maximum   reported    in    A.J.  126    1    h 
observations,  giving  a  minimum,   12".6,   on   1898  -Ian.  11. 
The    curve    is    regular    and  the    period  exceptionally  con- 
stant. 


OBSERVATIONS   OF   VARIABLES, 

By  JOSEF   MALIK. 
[Communicated  by  Prof.  G.  GEUSS.] 


The  observations  were  made  by  means  of  the  8-inch 
refractor  of  the  Astronomical  Institution  of  the  Bohemian 
University  in  Prague,  and  extend  from  1896  Xovember  26 
to  1897  September  8.  The  first  part  of  the  observations 
give  very  uncertain  results  because  the  measurements  were 
disturbed  by  the  unfavorable  season,  especially  in  the 
months  of  December,  January  and  March. 


The  magnitude  of  the  comparison-stars  was  deduced  by 
means   of   a  scale   of  the   author,  which  was   adjust 
Bonner  Durebmusterung  in  a   manner   analogous  to  that 
used  by  Mcller  and  Kempf,  in  P<  :heir  funda- 

mental stars. 


Results  of  Observation-;  Observed  Maxima  and  Minima. 


Nb.(Ch.) 

Star 

Phase 

Mali. 

Step 

Observed  Date 
Julian                                                  Calendar  1897 

1574 

W  Tauri 

Max. 

8.9 

0.07 

_ 

At  the  imhI  of  January 

L577 

R  Tauri 

Max. 

9.0 

0.08 

2413938 

January  13  ±10d 

1800 

W  Or  in  n  is 

Max. 

5.9 

0.10 

_ 

At  the  end  of  Dec.  1896,  oi  at  the  beginning  of  dan..  1897 

2100 

/'  Orionis 

.Max. 

6.0 

0.17 

3995 

March  11  ±3" 

:;:,(',  7 

V  Leon  is 

Max. 

8.8 

0.08 

1008 

March  24  ±6d 

4948 

R  Can.  Venat. 

Max. 

7.:: 

0.12 

L065 

May  20 

5174 

1,'S  Virginia 

Max. 

7.6 

0.12 

3987 

March  3 

5758 

X  II ere  a  lis 

Min. 

6.5 

0.16 

- 

At  the  end  of  July,  or  at  the  beginning  of  Aug 

6449 

T  Draoonis 

Max. 

7.7 

0.15 

4019 

April   1  i  secondary  maximum 

6682 

X  Ophiuchi 

Max. 

6.7 

0.15 

-1092 

June  L6  ±5d 

6900 

IV  Aquilae 

Max. 

8.4 

o.ll 

4093 

June   17   i   L5 

6943 

T  Sagittae 

_ 

_ 

0.13 

- 

Nearly  constant 

7  IIS 

X  Aquilae 

Max. 

8.9 

0.10 

1072 

May  27  ±5" 

7456 

III!  i  V/»/ 

Max. 

8.6 

0.10 

- 

In  the  halt  of  .Tune 

7783 

Hi  Cygni 

Min. 

8.8 

0.15 

241  U64 

-t  27  ±5" 

8324 

V  Cassiopeae 

Max. 

>7.2 

0.12 

- 

After   September  8 

♦The  article  was  accompanied  bj  a  voluminous  statement  oi  the  data  of  the   individual  observations,  which  is  omitted  for  want 

Of  space.  —  El>. 

Astronomical  Institution  oj  the  Bohemian   University,   Pragm    PJT80,   1898  I 
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A    \i;\V    VARIABLE   OF    PRESUMABLE    VERY    LONG    PERIOD, 


Bi  G,  mi'  i.i.ki: 
The  star  B.D.  ■H30°691,  which  was  to  b 
mental  star  f 01  the   Potsdam  Durchmusteiiing,  lias  turned 
- 1  unusual  a  character  as  to  render 
the  case  one  of  special  interest.     From  1888  to  1891  tin- 
star  v.  nitude  <'>..'M  ;  from  1891  to  1894  we 
did  ii"i                   ■  but  since  the  beg  inning  of  L89  l  it  has 
i  h    bj   one-eighth  of  a    magnitude  ei  erj 
io  thai   now  it  has  already  Losl  0".6  in  brightness. 
We  have  made  measures  al  every  available  opportunity  for 
some  years,  and  have  now  obtained  altogether  about  160 
observations,  which   will  1"'  published  in  the  Astr.  Nachr. 
By  .grouping  the  measures  according  to  observation-seasons, 

I'otsiluiii,    Axtrn/ilii/sirnl   Observatory.    1  Sits  April  .">. 


\M.    !'.    KEMPF. 

the  star  being  visible  from  August  to  April,  we  obtain  the 

follow  ing  mean  values. 

Dates  of  <  Observation 

L888  Feb.  25  L891  Feb.   L3 

L893  N'-v.    9  1894  Mar.  24 

L895  Feb.     8  1895  Apr.    2 

L895  Sept.  26  L896  Apr.    2 

1896  \xig.  28  1897  Apr.    9 

L897  Aug.  18  L898  Mar.  20 

Presumably  we  have  here  to  deal  with  abinarj  system, 
in  which  one  star  is  at  present  transiting  across  the  other. 


So. 
Measures 

50 

Magnitude 
6.31 

5 

6. 1 1 

'.i 

6.60 

11 

6.69 

28 

6.82 

26 

6.92 

COMETS   OF   THE   YEAR    1897. 

The  dates  are  in  Greenwich  Mean  Time  ami  the  Elements  only  approximate. 


Designation 

Perihelion 

a 

- 

i 

Q 

V" 

Discoverer 

Date 

Synonym 

I 

II 
III 

1897  Feb.     8.14 
May  23:94 
Dec.    8.55 

86  18 

146  21 

32    3 

172  21 

173  4 
65  49 

146     8 
15  44 
69  36 

1.0623 
1.3212 
1.3573 

38  51 

Perrine 
Perrine 
Perrine 

1880-97 

Nov.    2 
June  28 
Oct.   16 

f  1896 
a  1897 
b  1897 

D' Arrest's 

EPHEMERIS   OF   WINNECKE'S   COMET,  cl  1898, 

By  C.  HILLEBRAND. 
(A.N.  3482):     For  Berlin  Midnight. 


1898 

Apr.  28.5 

May     2.5 

6.5 

10.5 

1  1.5 


0  IT  28 
25  8 
38  13 

ii  50  16 

1  2  .-.i> 


-7  5.4 
6  18.8 
5  33.2 
1    19.0 

-4     6.5 


log.  J 

0.2198 
.2269 
.2338 

.L'lo;; 
0.2465 


l:r*J* 

0.31 
.28 
.26 
.24 

0.22 


1898 

a 

8 

log.  J 

l:r»Js 

May  18.5 

1  14  23 

-3  26.1 

0.2524 

0.20 

22.5 

25  27 

2  47.7 

.2578 

.18 

26.5 

36     6 

2  11.7 

.2628 

.17 

30.5 

46  17 

1  38.1 

.2675 

.16 

June    3.5 

1   56     4 

-1     7.0 

0.2717 

0.14 

SEARCHING  EPHEMERIS  FOR  ENCKE'S  COMET, 

By  DAVID  SMART. 
(Observatory,  No.  2(55)  :     For  Greenwich  Midnight, 
o  1898  a  o  1898 


April  30.5 

3 

3 

20 

+  22 

4S 

Maj 

16.5 

1 

35 

20 

+  24 

46 

June 

1 

5 

6 

10 

2 

+  18 

18 

May      4.5 

23 

12 

23 

40 

20.5 

5 

4 

38 

24 

7 

5 

5 

25 

21 

15 

11 

8.5 

3 

45 

24 

24 

18 

24.5 

28 

48 

...> 

58 

;t 

5 

39 

15 

11 

33 

12.5 

4 

9 

20 

+24 

49 

28.5 

5 

51 

30 

+  21 

3 

13 

5 

6 

53 

14 

+   7 

11 

Perihelion 

passagi 

May 

24.     Greatest  b 

ightness 

July  3. 
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<. i:\ERAL    THEORY    OF 


THE   ABERRATION    IX    THE 
PARABOLIC   REFLECTOR, 

By  J.  M.  SCHAEBERLE. 


FOCAL    PLANE   OF    A 


In  the  present  article,  which  is  to  be  regarded  as  a  con- 
tinuation of  my  paper  in  ./.•/.  413,  I  have  derived  the 
general  rigorous  expressions  for  the  focal  plane  coordinates 
of  any  ray  of  starlight  reflected  from  any  point  of  a  para- 
bolic surface. 

The  method  of  derivation  of  the  various  formulas  can 
be  more  readily  followed  with  the  aid  of  the  accompany  L'ng 
diagram. 

1 


Let 


0  be  any  point  of  the  mirror's  surface  at  which  the 

reflection  takes  p] 
"       OF  —  p  denote  the  distance  of  this  point  from  the 

principal  focus. 
••    FOP  =  OPZ  =  v  denote  the  angle,  at  the  for 

tween  the  optical   axis  and  a  line  drawn 

to  0. 
"    SOP  =  6  denote  the  angle  which  the  direct  ray  makes 

with  the  line    OP    drawn    parallel 

optical  axis. 

Let  the  focal  point  be  the  origin   of  coordinates,  the 
plane  of    AT   coinciding  with  the  focal  plane 

For  brevity   let    the  line  of   intet 
plant-  with  the  focal  plane   lie  called  the  trace  of  the    _ 
plane. 

Let  the  trace  (XFX1)  of  the  plane  containing  the  optical 
axis  and   the  direct    rays  of  light    parallel  to   SO  be  taken 
as  the  axis  of  A",  and  lei  bhe   e-coordinate  of  tin-  in..; 
positive: 

Let    pfx  =  SPF  =  A    be  the  angle  which  the  trace 
of  the  plane  containing  the  optical  axis  and  the  p< 
makes  with   the  axis  of  X :     A   having  any  value  between 
ii    and  a60°. 

Lei  SNP  =  B  be  the  angle  which  the  trace  of  the 
plane  of  incidence  and  reflection  makes  with  the  brace  VI': 
then  StX  =  A+B.  These  two  planes  (traces  PF and  Sf) 
intersect  hi  a  Line  NO  which  is  normal  to  the  reflecting 
surf  ace  at  the  point  0,  and  consequently  bisects  th< 
POF  -  i- :  ami  also  the  angle  SOf  =  <f>  included  be- 
tween the  direct  ray     SO    and  the  reflect. 

For  a  given  value  of  v  this  normal    (NO)    inaki 
fixed  angle    ONP  =  90° —$v    with  the  trace    PF,    and 
a  variable  angle     ONS  =  1     (which   is  a  function  of  .1.  t> 
and  0)  with  the  trace     S 

It   is  required  to  find  the   rigorous   general  e\' 
the  focal  plane  coordinates  of  the  point  /.   having  given  .1. 
v,  0  and  f,  i  =   /'.-'  C 

(17) 
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Referring  now  to  Fig.  t.  we  have 


PO  ■=■  p 

SO  =  p  cos  v  sec  8 
PS       p  oos  '•  fcan  6 

i  I  \  p  00      •     B    |  ■" 

j\7<'  =  p  cos  v  (tan  v  —  tan  ■$•«;)  =  p  tai 
[n  the  plane  triangle    SP2f    two  sides  and  the  included 
angle    I  are  given,  hence 


(1) 

- 

h 
(5) 


(6)  SN  =  p  cosv  VtanHv  +  tan20 

We  1 1 .  ■  ■.  i  find  the  angle   /■'  Erom 

i  i  i 

/'N.sin  .1 
sin  /.' 


2  tan  vtandco     I 


tan  0  sin  A 


\s 


V  tan2  £w+ tan2  0  —  2  tan  «  tan  6  cos  A 

As  the  trace  ,S/  makes  the  angle  /.'  with  the  trace  /'/'. 
the  expression  for  the  inclination  1=  SNO  of  the  nor- 
mal  to  the  trace    Sf   becomes 

(8)  cos  I  =  sin  £  v  cos  B 

To   obtain    an    expression    for   the    value  of  the  angle 
SOF  =  </>    we   have   given    two    sides    and    the    included 
angle /of  the  triangle    NOS,    hence 
NS  sin  / 

(9)  sin**  =     s0 


=  sin  I  cos  6  Vtan2+f  +  tan20  — 2  tan£  u  tan  0  cos  ^4 
In  the  plane  triangle    Ar0/   the  length  of   the  normal 
A"    and  all  the  angles  are  known,  therefore 


(10) 


NF 


NO  sin  \  <j> 


cos  v  sec  £  w  sin  -J-  <f> 


sin  (/-**)         r        sin  (!-£</>) 
By    multiplying    the    second    member    of    eq.  (10)    by 
cos[180°+(^4+J3)]  and  sin  [180°  +  (A  +  B)~\,  respectively, 
we  obtain  the  x"  and  y"  coordinates  of  the  point  /  referred 
to  N  as  an  origin. 

Let  x'  and  y'  denote  the  coordinates  of  the  point  N  re- 
ferred to  the  point  where  the  optical  axis  pierces  the  focal 
plane,  then 

(11 )  .r'  =  FN  cos  A  =  p  tan  £  v  cos  A 

(12)  y1  =  FN  sin.  A  =  ptan^w  sin  A 

Let  the  focal  plane  coordinates  of  the  point  /  referred 
to  the  optical  axis  be  a-  and  y,  then 

(13)  x  =  .'■'  +  .'■" 

(14)  !/=>/  +  II" 

Substituting,  and  writing    .Fsee2^?;    in  place  of  p,  we 
obtain,  finally,  the  following  general  and  wholly  rigorous 
expressions  for  the  focal  plane  coordinates  of  the  point  / 
expressed  in  terms  of  the  principal  focal  length  F. 
(15) 

cos  v  sin  -S-<£  cos  (180°  +  .!  +  B)~| 


F 
(16) 

.'/ 


=  secHi; 


cos^  + 


■    sin  J  v 
sec3  i  v    sin  \  v  sin  A  -f 


sin  (/—£</>) 

cos  v  sin  £  <p  sin  (180°  +  A+  B)~ 
sin  i /-£</>)  ~ _ 


I   have  computed  two  sets  of  values  oi  and    ', 


for 


every  l.v  of  .1  from  0°  to  360°.  The  resulting  coordinates 
were  plotted  and  a  smooth  curve  drawn  through  the  several 
points  s,e  Fig.  2).  One  set  corresponds  to  the  constant 
■.  .i  !.!•     of  v  =  3°  ami  $  =  30',  and  gives  the  smaller  one  of 

Che  heavier  (larger)  curved  I 
corresponds  to  the  constant  values  v  =  5°  and  8  =  30'. 
Bach  curve  is  therefore  the  locus  of  the  intersections 
with  the  focal  plane  of  the  rays  reflected  from  the  succes- 
sive points  of  a  narrow  annular  liny,  whose  angular  radius 
(as  seen  from  the  focal   point)  is  v ;  the  direct   rays 

parallel  and  inclined  30'  to  the  optical  axis. 

\  jtudy  of  the  relative  size  and  position  of  the  two 
curves  (with  reference  to  the  point  where  v  =  0°, 
8  =  30')     shows  in  a  striking  maimer  the  rapid  increase 

in  the  radial  distortion  of  the  image  for  increasing  values 
of  <•  and  the  accompanying  rapid  increase  in  the  trans- 
verse distortion  when   v  is  large  and  increasing. 

The  approximate  law  of  distribution  of  the  intensity  of 
the  light  in  the  complete  focal  plane  image  can  also  be 
deduced  from  a  consideration  of  the  position  and  rela- 
tive size  of  each  image  (as  formed  by  different  concentric 
rings  of  the  reflecting  surface  i  with  reference  to  the  size 
and  position  of  an  assumed  unit-area  and  intensity  formed 
by  a  small  central. area  of  the  mirror. 

The  formulas  and  figure  show  that  practically  all  the 
light  coming  from  a  small  unit-area  having  an  angular 
radius  of,  say.  v  =  1"  (corresponding  to  a  ratio  of  focal 
length  to  aperture  of  about  28  to  1)  can  be  said  to  lie  with- 
in a  focal  plane  area  of  one  square  second  of  arc,  which 
will  be  taken  as  the  unit-area  in  the  focal  plane.  Let  this 
particular  unit-area  have  a  mean  intensity  equal  to  unity. 

Now  for  v  =  3°  the  total  increase  in  the  amount  of 
light  is  approximately  32— l2  =  8;  while  the  total  in- 
crease in  the  focal  area  over  which  the  light  is  spread 
(found  approximately  by  adding  to  the  number  of  squares 
contained  in  the  smaller  closed  curve,  the  number  con- 
tained between  this  curve  and  the  two  tangent  lines  drawn 
from  the  point  for  which  v  =  0°)  is  9  —  1  =  8.  There- 
fore, if  the  light  were  uniformly  distributed,  the  intensity 
for  8  =  30'  of  the  focal  plane  image  formed  by  reflec- 
tion from  the  zone  of  the  mirror  included  between  the 
radii  v  =  1°  and  v  =  3°  would  be  practically  the  same 
as  the  unit-intensity,  although  the  total  amount  of  light  is 
actually  eight  times  as  great.  An  inspection  of  the  figure, 
however,  plainly  shows  that  for  moderate  values  of  v 
the  image  formed  by  an  annular  ring  of  sensible  width 
will  be  brightest  on  the  side  towards  the  optical  axis  ;  but 
as  only  a  portion  of  the  central  area  is  covered  by  a  small 
but  more  condensed  part  of  the  image  formed  by  reflection 
from  an  annular  ring-area  whose  radii  are  1°  and  3°, 
only  a  slight  gain  in  intensity  of  the  central  unit-area 
results  from  the  additional  zone. 
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Considering  now  the  image  formed  by  a  zone  of  the 
mirror's  surface  included  between  the  radii  v  =  3°  and 
v  =  5°,  we  see  at  once  that  no  part  of  the  resulting  image 
can  overlap  the  central  unit-area  when  d  is  as  large  as  30'. 
Consequently  no  increase  in  the  intensity  of  the  central 
unit-area  can  result,  however  great  the  value  of  v  may 
become. 

The  increase  (over  the  central  area-  in  the  total  amount 
of  light  reflected  is  5s  —  32  —  1-  =  15,  while  the  increase 
in  the  area  over  which  the  image  is  spread  is  about  sixty 
times  the  unit-area:  giving  a  mean  intensity  only  one- 
fourth  as  great  as  the  unit-intensity,  for  fifteen  times  the 
amount,  of  light. 

The  typical  "complete  image"  (for  u  =  5°  anil  6-  30') 
formed  by  reflection  from  all  the  ring-,  of  which  the  mirror's 
surface  may  be  said  to  be  made  up,  is  approximately  of  the 

lorn i  and  relative  intensity  shown  in  t  he  smaller  diagram  of 

Fig.  2. 

As  far  as  I  am  aw  are  t  he  coordinates  gi\  en  ly  equations 
(15)  and  (16)  differ  quite  radically  from  any  focal  plane 
coordinates  heretofore  deduced.  It  would  seem,  therefore, 
that   the    claim     I     made,    and   still    maintain,    thai    certain 

fundamental  principles  id'  optics  hail,  up  to  the  present 
time,  been  overlooked  in  the  theory  of  the  parabolic  reflec- 


tor, is  confirmed  by  the  results  of  the  general  theory  here 
developed.*     The  principal  oversight  in  the   | 
cording  to  my  view,  been  the  neglect  to  consider  in  a  con- 
sistent manner  the  relation  existing  between  /'and  p  for 
different  values  of  /•. 

I  shall  now  discuss,  very  briefly,  equations  |  U 
ipecial  values  of  r,  0  and  .1. 

(a)    Let  v  =  0.     For  this  condition  the  points    /'.  N 

and   /•'  must  evidently  coincide  ;  iS  must,  therefore,  lie  upon 

the  axis  of  x,   and   consequently    .1    must   be   zero.       K.pia- 

7),  (8)  and  (9)  also  show  that    /»'  =±=  A  =  0  ,  J  =  90° 

and    I  <p  =  6,    hence  (15)  and  (16)  become 


y 


=  o 


3 


The  geometrical  image  in  this  case  is  simply  the  point 
where  a  single  ray  id'  light  pierces  the  focal  plane.  [1  is 
the  onh  pari  ot  the  local  plane  image  of  a  star  which  has 
no  aberration,  and  it  is  always  nearer  to  the 

•This  remark  is  called  Eorth  bj  two  papers  in  Popt    i    .t- 

for    February,    1896,  written   bj    the  same  author.      Kor  my   reply   to 

the  same Popular  Astronomy  for  March,  > 
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than  any  other  part  of  the  star-image  formed  by  the  whole 
in  irror. 

{!•)     Let    6  -  0,     Equations  (7..  (8)  and  (9    -!<■■ 
Eor   this  case     /•'  -  0    ,    /  --  90       '  »    and     J  •',. 

These  values  substituted  in  the  sec 1  members  <>t   (15) 

and  (16)  make  the  two  terms  within  the  brackets  respec- 
tively equal  to  each  other,  hi 

(i9)  ;.  =  0 

(20)  J.  =  0 

All  the  reflected  rays,  therefore,  pass  through  the  point 
when;  the  optical  axis  pierces  the  focal  plane. 

(e)  Let  A  =  0.  Equations  (7),  (8)  and  (9)  now  show 
that  for  this  case  N2?  =  0  ,  1=  90°-  \v  and  \<t>=\r  —  6. 
Substituting  in  (15)  and  (16)  we  obtain  after  a  few  simple 
transformations, 


(20) 
(21) 


sin 0  sec(«  —  0)  sec'-' J  o 


T-° 


Referring  to  Fig.2  we  see  that  for  y  =  3°  the  corre- 
sponding value  of  x  is  at  a  secondary  maximum;  while 
for  v  =  5°  it  corresponds  to  a  secondary  minimum,  at 
the  apex  of  a  re-entrant  curve. 

(d)  Let  A  =  180°.  The  only  difference,  in  the  substi- 
tutions, between  this  case  and  the  previous  one  is  that  now 
1?  <f,  =  ^  r  +  8.     The  resulting  equations  are 


(22) 
(23) 


=  sin  0  sec  (v  +  0)  sec2  +  u 


^  =  0 


It  is  evident  that  there  are  other  values  of  .)■  which 
make  y  =  0  besides  those  corresponding  to  A  =  0°  and 
A  =  180°;  for  as  the  two  terms  of  equation  (16)  always 
have  opposite  signs  (except  for  the  special  cases  A  =  0° 
and  L80  .  already  considered  i,  and  both  terms  pass  through 
zero,  it  is  evident  that  there  must  be  at  least  two  additional 
values  of  A  which  make  the  terms  finite  and  numerically 
equal  to  each  other.  For  a  particular  value  A  =  Al  less 
than  180°  fulfilling  this  condition,  the  first  term  will  be 
positive,  and  the  second  negative.  The  substitution  of  .1, 
"i  (15)  will  give  one  value  of  x  =  x,  which  renders 
y  =  0.  An  identical  value  ?-.,  =  x1  will  result  from  the 
substitution  of  A„  —  360°—  Ax  in  (15),  since  this  value 
of  A,  will  also  make  y  =  0,  the  first  term  of  (16)  now 
being  regative  and  numerically  equal  to  the  positive  second 
term.  .  t  herefore,  the  locus  of  the  point  f  crosses 

the  axis  of  x  at   l^ast  four  times,  as  y  becomes  equal  to 
zero  for    A  =  0°,  180°,  Ax  and  As.    . 

Figure  2    shows    that    both    for     v  =  3°     and    v  =  5° 


the  value  oi  x  corresponding  to    A    -  180  maxi- 

mum. To  prove  thai  this  condition  holds  true  for  all 
values  of  v  and  6  we  know  firsl  oi  all  that,  as  the  a 
nates  of  every  reflected  ray  from  a  star  exactly  on  the 
optical  axis  are  given  by  equations  (19)  and (20), i<  follows 
coordinates  of  every  reflected  ray  from  a  star 
at  an  angular  distance  0  from  the  optical  axis  must  be 
positive,  as  the  fixed  normal  to  an]  point  of  the  reflecting 
musl  always  lie  between  the  direct  and  reflected 
ray.     Secondly,  the  two  term    i  a.  (15)  always  have 

opposite  signs,  excepi    when  either  one  is  zero,  in  which 
ca  '   bhe  other  is  always  a  positive  quantity.     Consequi 
as  x  cannot   be  negative  we  have  only  to  determini 
value   of   A    which    makes    the    algebraic    sum    of    tie 
terms  a  maximum  positive  quantity. 

A  simple  inspection  of  (15)  shows  the  numerator  of  the 
second  term  is  a  maximum  and  the  denominator  a  mini- 
mum when    A  =  180°.     For    this   value  of  -I    the   factor 

cos  v  sin  .',  d>      .        ,  ,  ,,  .     .  ,, 
—     is  also   much    greater   than     siniv.     More- 
sin  (/-£«£) 

over,  as     cos  (180  +  .4  +  />)     diminishes,  numerically,  more 

rapidly  than     cos. I     for  values    slightly  greater   or   less 

than     A  =  180°,     it  follows  that   x   is  at   its    maximum 

possible  value  when     A  =  180°.* 

The  radial  aberration  is  therefore  a  maximum  in  the 
plane  containing  the  optical  axis  and  the  star  whose  image 
is  under  consideration. 

The  actual  amount  of  the  blurring  can  readily  be  found 
by  means  of  the  rigorous  equation  (22).  The  position  of  the 
image  formed  by  the  center  of  the  mirror  is  at  once  obtained 
by  making     v  =  0.     Equation  (22)  then  becomes 

x0   =   Fta.nO  (23) 

Subtracting  (23)  from  (22)  we  obtain  the  desired  expres- 
sion 

a-  —  a-0   =   .Fsin0[sec(i'  +  0)  secHr  —  sec  6]  (24) 

A  more  convenient  formula  is  the  expression  for  what  I 
have  called  the  "  blurring  factor"  found  by  dividing  (22) 
by  (23). 

*-   =   Blurring  Factor  =  ^^^^         (25) 

Equation  (22)  can  also  be  written 

x  =  psinO  sec(>-  +  6)  (26) 

which  corresponds  with  the  formula  (2)  of  my  paper  in 
A.J.  423,  except  that  I  there  inadvertently  wrote  tan  6 
instead  of  sin  6.  With  this  wholly  insensible  correction 
equation  (4)  of  the  previously  mentioned  paper  becomes 
identical  with  the  above  rigorous  expression  (25). 

*  There  are  other  values  of  .4  which  give  secondary  maxima  values 
of  x,  but  these  need  net  be  considered  in  the  present  paper;  an  in- 
spection of  Fig.  2  will  show,  in  a  general  way,  the  location  of  maxi- 
mum and  minimum  points  for  both  re  and  y. 
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For  telescopes  of  large  angular  aperture  0  must  always 
be  very  small  if  the  best  possible  results  are  desired,  so 
that  for  this  case  equation  (25)  reduces  to  the  convenient 
approximate  form  already  given  in  .1../.  11.".. 

(21~)  Blurring  Factor   =  —        — s^— 

cos  v  cos8 \  v 

The  law  expressed  by  equation  (24)  rivies,  for  any  value 
(if  v  and  6,  the  maximum  distance  through  which  the 
image,  formed  by  any  ring-area  of  the  paraboloid,  has 
shifted  with  reference  to  the  image  formed  by  the  central 
reflecting  area. 

When  v  is  large  the  rate  of  shifting  for  an  infinitesimal 
value  of  6  is  practically  just  as  great  as  it  is  for  any  value 
of  6  likely  to  be  used  in  practice.  Images  of  objects  hav- 
Lick  Observatory,  University  of  California,  1898  March. 


ing  sensible  angular  magnitudes  will  therefore 
be  blurred.     The   rate  of  blurring 
upon  the  value  of  r,  while  tin 
V  and  0. 

Owing  to  the  extremely  limited  size  ol  the  field  i 
(with  the  optical  axis  as  ■  hich  can  be 

results  of  greai  delicacy  are  desired,  I  am  inch' 
belief  that  for  mirrors  of  large  angular  ap 
grain  form  of  telescope  will  e. 

nary  form   for  obtaining,   on  a   la:.  graphic 

•  ial  areas  not  mm  ing  one 

or  two  minutes  of  arc  in  diameter. 

upon   actual    experimental    results   obtained   at   the   Lick 
atorj  with  different  forms  of  1 


OX   THE   STAR-IMAGE   FORMED   BY  A   PARABOLIC     MIRROR, 

Bv  II.  ('.   PliTJMMER. 


The  interesting  papers'  which   have  been  published  re- 
cently on  the  subject  of  the  aberration  of  parabolic  mirrors, 
have  only  considered  the  rays  which  are  incident  in  a  plane 
passing  through   the   axis   of  the   mirror.     It  is  proposed 
here  to  find  the  approximate  form  of  the  star-image  in  the 
focal  plane,  and  to  estimate  the  distribution  of  intensity. 
For.the  surface  of  the  mirror  we  take 
4fx    =    y2+  z'2   =    r" 
Let  the  plane     ZOX    pass  through  the  star,  and  let  6 
be  its  angular  distance  from  the  center  of  the  field.    Then  the 
ray  incident  at     (xyz)     is 

X-x  _    Y-y        Z-z 
cos  6 

Z- 


The  normal  at     (xyz) 
Let  the  reflected  ray  be 

The  laws  of  reflection  g 


and 

I  leuee 

X  —  cos  6 

■If::  sin  6  +  ,■'-  cos  6 


0 

sin  $ 

is 

X—x         Y—y 

-2/           y 

X-x         Y-y 

X                M 

X         fi.                    V 

ve 

cos  6     0     sin  0 

-2/    y 

Z-z 


=  0 


sin  6 


2fy  cos$—yz  sin  $ 

v  —  sin  6 


/.'.    sav. 


(//-  +  -I.  r  osfl 

Eliminating     X.  p,  v     between  these  three  equations  and 

_•> 

X-4>--|-i<-   =   1      ,      We  get       I;    = 

Let     (£t}%)     1»'  the  intersection  of  the  reflected  ray  with 
the  focal  plane. 


/ 


v+ *(/-*) 


£  =  *+f ( 


Hence  we  obtain 


ty*(/+-' 


'  (4f*—TS)  cos  0— 4/ssin  6 

-sinfl)4/8+2/s°~ 
C  (4/2-r2)cos0- 

These  expressions  are  exact,  but  from  this  point  powers 
of     tan  6     above  the  first  are  neglected.     Thus 

1  \r--r2 


tan  0 


f  =        4/»  +  2/««-g(y'- 

4  \r-r- 


tanfl 

But  for  the  ray  reflected  at  the  vertex  : 
%  =  °    i    *o  =   -/tanfl 

Hence  finally,  neglecting    ./-.    which   is  small    compared 

tan  6 


with   f. 


Vi 


t- 


-^W° 


If  we  eliminate  yz  from  these  by  means  of    >f+x-=  r. 

we  obtain 


(v-Vo^+ 


i  „  >■■  tan  6  )    < 


+ r  '       =    0 


as  the  locus  of  points  in  which  the  rays  reflected  from  an 
infinitely  narrow  I   the  focal 

This    shows  that    the    locus    is    a    circle  whose    cenl 
,     ,  ,.  r'tanfl 

:ili.l    whose    r:iihiK    is 

Now.  if   F  is  thi 

e  lines  through   0   which  make  ai 
w  itlr  KO    produi  ed  touch  this  circle,  and  sim 


/        ,        r-tnn$\ 
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formed  bj    n  flection  Er iccesaive  zones  of  the 

mi]  rot      Bence  the   complete  image  is  bound* 

two  lines  and  by  tl iroular  arc  to  which  the  outsid 

0f  i  !l(.  hlll ,..  pise      hi    consequently  kite-shaped, 

with  the  point  directed  towards  the  center  of  the  field,  as 
shown  in  Fig   L.     [ts  L  n  rth  is     "  '    tanfl     where    2R    is 

the  aperture,  and  its  extreme  breadth  is     .,  .  tan  6 


■*y 


6 


From  this  way  of  considering  the  generation  of  the 
image,  it  is  clear  that  there  is  a  real  difference  between  the 
areas  OACB  and  A  CBD  (Fig.  1),  for  through  every 
poinl  of  the  former  pass  two  images  formed  by  distinct 
zones,  while  through  every  point  of  the  latter  there  passes 
one  only. 

To  consider  (he  intensity  in  the  area  ACBD  first. 
Through  the  point  (>>£)  pass  the  rays  reflected  at  both 
the  points  ('.'/'-)  and  (x.  —y.—z)  as  is  clear  from  the  ex- 
pressions for  77  —  t;0  ,  f— £0.  Now  the  plarfes,  y,y+'dy, 
z,  z  +  dr:,     include  the  area 


V/--  +  4/'4 


dy  dz 


on  the  mirror,  and  the  light  incident  on  this  area  is  pro- 
portional to 


2/cosO  —  ssin(?    «J  ,.2-1.4^2 


Vr2+4/-- 


2/ 


dy  dz   =   (  cos  0 


:.  sin  ff 


dy  dz 


Hence  the  light  reaching  (*;£)  from  (xyz)  and  (x.—y.—z) 
is  proportional  to     2  cos 6  dy  dz.     But  the  ratio  of   dy  dz 

to  the  corresponding  element  of  the  image  is    -=. . 


j=\2y** 

I    *    y 


tan'2#  ,  ,     „  _    tan-  6 

=   (r-3«2)  -jpr 


Eence  the  intensitj  at  iv£i  is  proportional  to 

::.-i  t.-.n-'fl 
Again,  ii   is  clear  on  inspection  that    ij  — %    ,    £— £0     :i"' 
unaltered  by  substituting  the  poinl  I  +  -.';; 
I  hmc  bhe  rays  reflected  p  \ae  through 

(r)0     if     (r/Q    lies    within      'Ll''  /.'.      B 

for  the   intensity   is  ;il-. 1   unaltered    by   the   substitution. 

This  shows  thai   the  intensitj  in  this  part  of  the  ima 

L6/»co   0 
proportional  to     ^     ...  .   ,  m  g. 

Transforming  to  polar  coordinates  bj  puttie 

17  =  %-P  sil"/     :     £  =  So-P0081) 
it  is  found  that 

v*_Sz*  =  Wp_    |cos3q 

tan  0    \  COS  q 
Hence  the  intensity  at  the  poinl   (pq  >  is  proportional  to 


4/cos0 


J 


cosijr 
cos3q 


p  tan  0 

if  the  point  is  within     OA  C  J!    or  to 


2fcos8       cosg; 
ptund    -\cos3q 


Bq 

if  the  point  is  within  the  circle    A  < '  /•'  /'. 

D 


8/2 


These  expressions  have  a  simple  geometrical  representa- 
tion.    They  are  for  the  points   p    and    p'    (Fig.  1), 
2B'2  cos  6  £2  cos  0 

OPMN  OP'MN 

The  isophotic  curves  are  of  the  form   p2  cos3<p  =  a2  cos  qp. 
These  results  obtained  from  simple  geometrical  considera- 
tions are  to  be  taken  as  very  rough  approximations  only. 
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The  intensity  at  each  point  is  really  due  to  two  or  four  in- 
terfering streams  of  heterogeneous  light,  and  diffraction 
effects  have  been  ignored.  At  the  same  time,  the  expres- 
sions obtained  may  be  expected  to  give  a  fair  indical 
the  general  distribution  of  intensity  over  the  image,  and  in 
fact  they  seem  to  agree  satisfactorily  with  the  appearance 
of  stellar  images  imprinted  on  the  photographic  plate.  It 
is  to  be  noted  that  the  sharp  bright  point  indicated  by  the 
theory,  will  in  practice  be  wanting:  fortius  is  prod 
by  the  rays  reflected  at  the  central  zones  of  the  mirror,  and 
this  part,  for  an  obvious  reason,  cannot  be  used.  On  this 
account  the  kite-shaped  figure  ought  to  be  blunt  instead  oi 
sharply  pointed  towards  the  center  of  the  field.  If  the 
star  is  sufficiently  faint  (or  the  exposure  sufficiently  short) 
tin-  part  of  the  image  remote  from  the  center  of  the  field 
will  make  only  a  faint  impression  on  the  sensitized  plate 
am!  the  resulting  appearance  will  somewhat  resemble  that 
of  a  comet.  If  the  star  is  fainter  still,  a  certain  part  of 
Hertford  College,  Oxford.   l-'J-  March  31. 


the  image  will  fail   altogether  to  make  a: 
plate.     In  that  case  the   outer  boundary  of  tj 
figure  will  be  an  isophotic  curve,  and  it  becomes  ap- 
that  there  is  a  considerable  variety  of  possible  figur- 
responding  to  a  range  of  stellar  brightness.     These  curves 
of  equal  intensity  are  roughly  indicated  - 
".  I',  e,  (I,  e,  are  all  possible  bounding  cui 
graphic  impressions  of  stars  of  descending  magnitude.    The 
additional  curve  /  in  the  same  figure  is  intended  to 
the  effect  of  the  light  intercepted   by  the  plat* 
curtailing  the  image:  an  effect  which  is  most  pronounced 
near  the  centi  late. 

An  inspection  of  tin-  enlargements  of  photographs  which 
Dr.  Lsaai    Roberts  has  taken  with  his  parabolic  rei 
suffices  to  show  that  these  theoretical  results,  howe\- 
perfect  ami  Liable  to  certain  objections,  do  express  the  truth 
with  considerable  accuracy.     On  this  account  the  preceding 
ition  is  perhaps  not  wholly  devoid  of  int 


ELEMENTS  AND  EPHEMERIS   OF   COMET  &  1898, 

By  WILLIAM  .).  HUSSET. 
From  my  observations  of  March  21,  April  8  and  April  22, 
I  have  computed  the  following  elements  and  ephemeris  of 
this  comet.  I  attempted  to  reduce  the  residuals  by  com- 
puting other  systems  of  elements  from  the  same  observa- 
tions, using  different  values  of  the  ratio  of  the  curtate 
distances.  Three  other  systems  of  elements  were  obtained, 
all  very  nearly  the  same  as  those  given  below.  The  resid- 
uals can  not  be  materially  improved;  their  ratio  may  be 
changed,  but  the  sum  of  their  squares  can  not  be  sensibly 
diminished.  A  careful  examination  of  the  data,  including 
a  comparison  of  the  observations  with  others  made  at 
nearly  the  same  time,  does  not  reveal  any  error  to  explain 
the  magnitude  of  the  residuals. 


T  = 


Hi  i  mi: NTS. 

1898  March  L7.37195  Gr.  M.T. 


)  Eclipt 


ic  and  Mean 


los 


17  37     6.5 

~ -".,   '.,'.'    -e  \    v   Kquinox  of  lS'.IS.ll 

0.040916 


O-C:     ./a'cos/3   =    -4".2     ,     J/3   =    +12 

Constants  for  the  Equator  o»  1898.0. 

x  =   r[9.513088]  sin      I     - 

y  =  r[9.999991]  sin(»+293     l    U.l) 

'z  =  r[9.975628]  sin,.--   -i-i  :»:  19.8 

Ephe.mkhjs  fob  Greenwich  Midnight. 


True  , 


True  8 


log  A 


May    9.S 

1    2d   37 

+53  31.2 

0.2957 

0.40 

13.5 

1    -11    7.1 

+  7,1   28 

0.3082 

17.5 

2     2   37 

+55  11.6 

0.3204 

0.32 

21..". 

2  22  :;7 

+55  42.7 

_ 

27...-. 

2  il  r,r, 

+  :,t\    :;.i 

\ 

2;  1.7.  ' 

2  59  7,7 

+56  17,.:; 

0.3549 

0.23 

June    2.5 

:;  17  11 

+  7,.;  20.0 

0.21 

6.5 

:;  :;:;  -7, 

+56   L8.7 

0.3756 

0.19 

in. 7, 

:;   is   12 

+56  12.7 

0.3851 

0.17 

1  1.7, 

4    ;;    l 

2.9 

0.3941 

0.15 

IS.  7. 

1   L6  26 

+  :c,  50.3 

0.4025 

0.1 1 

22.7. 

1  29  00 

+  ~>:,  :;:<.:, 

0.  in.:; 

0.13 

The  brightness  at  its  discovery  is  taken  as  unity. 


Mt.  Hamilton,  Cal.,  1S9S  April  •_>'.). 


OBSERVATIONS  OF   THE   COMPANIONS   OF    PROCYON,    AND   OF   (8883, 

HADE    Willi    THE  40-INCH    REFRACTOB    "I     111!    Illlkl-    OB8EBVATOBT, 

Bi    E.   E.   i;\i;\  \i:ii. 


At  the  first  favorable  opportunity  after  the  mounting  of 

the  ln-inch.  Procyon  was  examined  for  the  close  com- 
panion discovered  by  Profi  —  i  Schaeberle  with  the  36- 
inch  of  the  Lick  Observatory.  The  companion  was  seen, 
during  a  few  minutes  of  steadiness,  in  the  position  assigned 


it.  but  was  lost  in  bad  seeing  before  B  sing 

be  made.     This  was  on   November  2.   1897.     1;   w, 

seen  again  until    March   2  oi   this 

being   tin-   worst    possible   portion   oi    OUT   obsi 
lion-angle  was  measured,  but 


•-'I 
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could   I  d,  aa  it  was  Been  for  only  a  few  minutes. 

( in  March  5  and  6  the  companion  was  again  seen,  and 

(in   the  latter  date,   when  the  seeing 
u;ts  g0  .  con  ipicuous  object   and  easj    to 

measure  with  the  bright  star  in  the  field  unobscured.     On 

this  last  date  Professor  Hale  observed  tl ompanion  with 

me,  and  was  struck  with  its  distinctness.  Two  .sets  of 
,,,,  :  ores  were  made  al  this  time,  the  first,  with  Procyon 
occulted,  the  second  with  it  unobscured.  The  second  set 
is  the  !»■  I 

With  good  seeing  the  new  companion  is  a  singularly 
easy  object  in  the  10-ineli.  When  best,  seen  n  was  esti- 
mated to  l ne  magnitude  fainter  than  the  old  companion, 

which  is  of  ah. nit  the  12th  magnitude.    . 

Close  Companion  to   "Procyon. 


isms,  iiin 

326.3 

- 

.178 

324.9 

i.s: 

.180 

324.4 

1.90 

.180 

326.4 

I.s;; 

.199 

326.7 

- 

.257 

_ 

I  69 

.262 

327.6 

I.s;; 

1898.279 

325.4 

l.s.s 

1898.213 

326.0 

I.s;; 

The  old  i panion  was  also   measured  on  four  nights 

while  looking  for  the  close  companion. 

\\rl,is  ohsfmtti '!■>/,    Williams  Bay,    Wis.,   1808  May  0. 


st ant  Com 

1898.008 

nil 

.049 

1898.169 

■WH.N     TO 

;;ii.i 
341.3 
341.6 
341.8 

Procyon 

5  7. 65 
57.77 
57.46 

57.55 

1  SMS. 1  I.V.I 

341.51 

57.61 

The  Double  Stab  0  883. 

This  star  was  discovered  by  Mr.  Bi  knham,  at  Chicago, 

with  the  1x\-inrh.  in  1879.     The  present  observations  with 

the  40-inch  were  suggested    bj    Dr.  See's  paper  in    I/..Y. 

I.\  II.  June,  1897,  in  which  he  assigns  the  star  a  period  oi 

5.1  years. 


L897.733 

30.8 

0.21 

.744 

32.1 

0.19 

.717 

32.5 

_ 

1897.840 

35.4 

0.21 

1897.766 

32.7 

(1.21 

In  the  third  observation  the  seeing  was  too  poor  to  per- 
mit distance-measures.  The  two  stars  are  sensibly  equal 
in  brightness. 

During  these  measures  the  13"  companion,  south  follow- 
ing, was  measured  on  one  night. 

A,  B  and   C. 


1897.744 


154. 


17.74 


ELLIPTIC   ELEMENTS   OF   COMET  b  1898, 

By  C.  D.   PERRINE. 


From  the  following  observations  of  this  comet  — 

1898  ML  Hamilton  M.T.  App.  a  App.  8 

March  19   16  47"  21  21h18"'36S.89 

April      8  16  19     7  22  41     0.88 

April    28  15  26  54  0  23  20.68 

I  computed  a  set  of  parabolic  elements  as  follows  : 

T  =   1898  March  17.35984  Gr.  M.T. 


+  16  43  23.3 
+  36  20  50.5 
+  49  41   32.4 


*  =-     47  36     8.0 

Q,  =  262  32  20.;; 

i  =     72  26  50.4 


1898.0 


log  2   =  0.040820 

The  residuals  for  the  middle  place  beim 


Obs.  — Comp.     z/A.cos/3 
49 


=    -14.7 
=    +22.4 


Using  the  same  three  observations,  I  then  obtained  the 
following  elliptic  elements : 

Lick  Observatory,   University  of  California,  1S9S  Hay  4. 


Epoch  189S  March  20.0  Gr.  M.T. 

log  q  =  0.039179 
log  a  =  1.656386 


M  =       0     0  34.1 
w  =     47  14  48.8  ) 
Q    =  262  24  42.9  - 1898.0         log  e  =  9.989386 
i  =     72  32  55.8)  log  ix  =  1.065428 

o-    =   77°  23'  3".5 
Period   =  305.208  years 

The  residuals  for  the  three  places  used  are 


Obs. 


-Comp.     a  =  —1.2 
8  =  +1.1 


-0.3 
-1.2 


+  0.5 
+  1.1 


The  constants  for  the  equator  of  1898.0  are 

x   =   r  [9.512253]  sin  (  23°  17  43.4+v) 

,j  =   r  [9.999997]  sin  (292  39  52.2+ n 
z  =   r  [9.975717]  sin  (  22  35  22.6+  v) 

The  comet  has  retained  its  brightness  with  but  little 
change  until  within  the  past  week,  when  it  has  begun  to 
fade  rapidly.  It  still  retains  its  stellar  nucleus,  which  is 
growing  fainter,  however,  and  is  now  not  brighter  than  10*. 


CONTEXTS. 
General  Theoby  of  the  Aberration  in  the  Focal  Plane  of  a  Parabolic  Reflector,  by  J.  M.  Schaeberle. 
on   mi:  Stab-Image  Formed  hy  a  Pababolic  Mirror,  by  H.  C.  Plummer. 
Elements  and  Ephemeris  of  Comet  6  189S,   by  William  J.  Hcssey. 
Observations  of  the  Companions  of  Procyon,  and^f  /3S83,  by  E.  E.  Barnard. 
Elliptic  Elements  of  Comet  6  1898,  by  C.  D.  Perrine. 
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MEASURES  OF  THE  SATELLITE  OF  \i:i'TUXE    WITH  THE  40-DN  II 

REFRACTOR  OF  THE  YERKES  OBSERVATORY,  WITH 

REMARKS  OX  THE  GREAT  TELESCOPE. 

By   E.   E.   BAKXAIID. 

'I'm:   F.iki  v  - 1  n  i  ii    Tiii  si  OP] 

The  following  observations  of  the  satellite  of  Neptune 
are  a  continuation  of  my  work  on  this  object  previously 
made  with  the  36-inch  refractor  of  the  Lick  Observatory, 
which  has  already  been  printed  in  A.J.  342. 

The  winter  here  has  been  very  trying  for  visual  obser- 
vations with  the  great  telescope,  and  the  seeing  much  of 
the  time  has  been  very  poor.  The  satellite  was  often  faint 
and  difficult  through  the  blurring  of  its  light,  though 
under  ordinary  conditions  it  is  a  bright  object  with  a  large 
telescope.  On  several  occasions  when  the  seeing  was  fairly 
good  it  was  a  strikingly  conspicuous  object.  The  oppo- 
sition of  Neptune  now  tails  in  the  worst  possible  portion 
of  the  year  for  observation  here.  The  above  remarks  there- 
fore must  not  be  supposed  to  bear  upon  any  other  portion 
of  the  year's  observations  at  this  observatory. 

In  the  summer  there  are  many  very  quiet  and  beauti- 
fully steady  nights  in  which  it  is  expected  the  great  tele- 
scope will  work  to  the  very  best  advantage. 

Actual  work  with  the  10-inch  was  not  possible  until  the 
best  season  was  essentially  over  here.  The  occasional  ob- 
servations of  the  fifth  satellite  of  Jupiter,  of  the  close  com- 
panion to  Procyon  and  a  few  similar  objects,  show  that 
even  a  part  of  this  unfavorable  weather  may  permit  the 
power  of  the  telescope  to  be  seen.  The  work,  however,  in 
the  main,  has  been  confined  to  the  lower  powers.  On  one 
or  two  occasions,  when  observing  double  stars,  it  has  been 
possible  to  use  powers  of  several  thousand  diameters. 
and  on  one  date  a  power  of  3750  was  used  with  good  suc- 
cess. 

The  telescope  is  supplied  with  a  set  of  very  fine  eye- 
pieces, made  especially  for  it  by  Siiimiiii.  of  Munich. 
Following  are  approximate  magnifying  powers  and  the 
fields  of  view  of  these  eyepieces: 


No.  4  is  the  most  convenient  of  these  eyepieces.  This 
eyepiece  and  Xo.  5  were  employed  in  the  measures  of  the 
satellite  of  A  higher  power  being  used  when  the 

atmosphere  would  permit  it.  During  these  measures  no 
definite  markings  were  seen  on  the  planet,  though  on  one 
occasion  some  details  wen 

In  all  my  work  with  the  40-inch,  with  the  differeii' 
nifying  powers,  the  object-gl:  to  be  entire 

from  any  form  of  ghost,  and  the  definition,  when  the  air 
permitted  it,  has  always  been  very  good,  showing  that  this 

jreat  work  of  Ai.yan  Clark   is  one  of  his  i 
monumi 

The  splendid  micrometer  by  Warnkb  &  SwASEY —  to 
whom  are  due  all  the  mechanical  portions 
-  has  ]. roved  eminently  satisfactory.  It  is  extremely  con- 
venient, and  is  supplied  with  arrangements  for  both  oil  and 
cal  illumination — which  is  by  Burnham's  method. 
Oil,  so  tat.  has  been  used  with  it,  but  arrangements  are 
now  being  made  to  use  the  electrical  illumination. 

The    designs    for    the    micrometer    were    submitted,    by 
Messrs,  Warneb  &  Swaset,  to  Mr.  Burnham's 
judgement,  for  criticism.     In  its  design  it   tl  ■ 
had    the     advantage    of    what    his    practical    experience 
-t,    which     has    added    much    to    the    impor- 
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tance  of  its  construction.  The  driving  clock  of  the 
10-inch  has  proved  all  thai  could  be  desired,  Indeed,  it  is 
astonishing  with  what  perfect  steadiness  this  clock  carries 
the  great  tube.  This  makes  micrometer  work  with  il  par- 
)i\  gratifying.  The  clock  automatical!]  winds  itself 
at  intervals  of  lh  48m,  and  requires  five  minutes  for  the 
winding.  So  stable  is  the  mounting  of  the  telescope  that 
the  effect  of  this  winding  is  scarcely  perceptible  in  the 
observations,  so  thai  micrometer  work  is  not  in  the  least 
interfered  with  while  the  clock  is  being  wound.  The 
stability  of  the  entire  instrument  is  very  remarkable,  and. 

c Lering  its  great,  size,  the  flexure  of  the  tube  is  very 

small,  as  shown  in  the  observations  for  adjustment  of 
position.  Besides  hand  clamps  and  slow  motions,  the  tele- 
scope is  also  supplied  with  similar  electrical  contrivances 
at  the  eye-end,  and  it  is  astonishing  to  see  with  what  per- 
fect instantaneousness  the  clock  takes  up  the  tube  upon 
the  application  of  the  electric  clamp  in  right-ascension.' 
The  electric  slow  motions  are  controlled  at  the  eye-end. 
They  move  the  telescope  slowly  in  right-ascension  and 
declination.  Their  motion  is  beautifully  steady.  So  exact 
are  they  that  a  star  can  be  brought  from  the  edge  of  the 
field  and  stopped  instantly  behind  the  micrometer-wire,  the 
motion  being  about  1'  in  8  seconds. 

One  gets  the  impression  from  the  bigness  of  the  instru- 
ment that  it  must  necessarily  be  clumsy7  to  handle.  Through 
the  aid  of  the  electric  motors,  however,  it  can  be  pointed 
to  different  parts  of  the  skyT  with  remarkable  ease.  Some 
experiments  of  the  quickness  with  which  it  can  be  reversed 
will  show  this.  The  instrument  was  placed  on  the  west 
side  <>t  the  pier,  and  pointed  to  the  meridian  at  declination 
+  50°.  With  the  electric  quick  motors  it  was  pilaced  jn  a 
similar  position  on  the  east  side  of  the  pier  in  lm  50s. 
These  motors  are  controlled  by  cords  hanging  down  the 
north  side  of  the  pier,  which  are  always  within  easy 
reach  with  the  floor  in  any  position. 

The  floor  and  dome  are  moved  by  electric  motors.  The 
control  boxes  for  these  motors  are  conveniently  placed  on 
the  floor  close  to  the  north  end  of  the  pier.  The  dome,  90 
feet  in  diameter,  moves  through  a  complete  revolution  in 
6  minutes,  while  the  floor  descends  through  its  full  path  of 
22  feet  in  3  minutes,  and  rises  in  3J  minutes.  The  speed 
of  both  floor  and  dome  can  be  regulated  to  suit  the  ob- 
server, but  the  above  values  are  considered  the  safest 
speed. 

A  very  highly  important  addition  to  the  dome  is  a  wind- 
break. The  telescope  is  protected  from  the  wind  (which  is 
almost  incessant  here  during  the  winter  months)  by  canvas 
curtain.;  moving  in  the  observing  slit.  Without  these  cur- 
tains micrometrical  work  would  be  very  badly  interfered 
with.  With  them,  unless  one  is  observing  at  a  low  altitude 
and  right  in  the  face  of  the  wind,  the  tube  can  always  be 
perfectly  protected,  even  in   the  windiest  nights.     There 


are  two  of  these  curtains,  working  on  endless  chains; 
'one  rising  from  the  base  (.1'  the  slit,  the  other  passing 
through  the  zenith  from  the  rear.  This  latter  is  very  use- 
ful if  a  heavy  dew   is   falling. 

Take  it  all  in  all.  for  micrometrical  work,  when  the 
atmospheric  conditions  are  good,  this  is  by  far  tin-  most 
satisfactory  instrument  I  have  yet  seen. 

A  rather  singular  incident  occurred  in  the  early  use  of 
the  instrument  which  may  be  interesting  here.     When  the 

telescope  was  first  turned  to  the  stars  in  August,  after  the 
accident  to  the  elevating  floor  had  been  repaired,  and  be- 
fore the  dome  and  floor  could  be  actively  used,  it  was  found 

that  an  objeetionable  broad  beam  of  ghostly  light  ran 
through  every  bright  star,  and  that,  even  with  good  seeing, 
no  sort  of  definition  could  be  got  out  of  the  glass.  It  had 
defined  well  before  the  accident,  and  the  beam  of  light  had 
not  then  existed.  It  was  feared  that  some  injury  bad  hap- 
pened to  the  object-glass  by  the  jar  the  telescope  must  have 
received  when  the  floor  fell,  for  it  crashed  against  the  pier 
in  falling.  The  next  day  Professor  Ham.  and  the  rest  of 
us  examined  the  big  lens  by-  daylight,  and  it  was  then  seen 
that  some  spiders  had  gained  access  to  the  tube,  or  had 
been  closed  up  in  it  when  the  object-glass  was  put  on. 
They  had  woven  a  perfect  network  of  webs  close  to  the 
inner  lens  on  the  side  towards  the  eye-end.  It  was  at  once 
suspected  that  these  webs  were  responsible  for  the  lack  of 
definition  and  the  beam  of  light  —  for  they  ran  in  the  same 
direction  as  the  beam  of  light.  Mr.  Elleu.man  climbed  up 
inside  the  tube  and  removed  the  offensive  webs  with  a 
dust-brush.  That  night  the  beam  of  light  had  disappeared 
and  the  definition  returned. 

In  the  following  observations,  the  center  of  the  disc  of 
Neptune  was  bisected,  as  in  previous  measures.  The  small- 
ness  of  the  image  makes  this  preferable  to  bisecting  the 
limb.  In  the  settings  the  wires  have  been  placed  either 
normal  to  or  parallel  with  the  eyes.  Four  or  five  settings 
were  made  for  position-angle,  and  three  to  four  for  each 
double  distance.  The  parallel  was  determined  at  the  time 
of  observation  by  the  planet  itself,  from  three  to  four  set- 
tings being  made.  No  refraction-correction  has  been  ap- 
plied, as  it  would  be  insignificant  from  the  smallness  of  the 
distances  measured.  The  two  sets  of  distances  on  each 
side  of  the  fixed  wire  are  given,  and  these  will  give  some 
idea  of  the  consistency  of  the  measures. 

A  value  of  9".677  for  the  revolution  of  the  micrometer- 
screw  has  been  used.  This  will  differ  by  a  very  small 
quantity,  only,  from  the  final  value,  derived  from  a  great 
number  of  determinations.  The  difference  is  insensible  in 
these  measures. 

The  large  number  of  observations,  51  in  all,  is  rather  un- 
usual, and  was  made  possible  by  the  kindness  of  Professor 
Hale,  who  has  placed  the  telescope  at  my  disposal  on  a 
number  of  nights  beside  my  own,  and  who  has  extended 
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every  possible  courtesy  to  aid  in  the  work,  as  it  was  deemed 
advisable  to  get  as  continuous  a  set  of  observations  as 
possible. 

A  micrometer  which  was  kindly  loaned  the  observatory 


by  l>r.  Lewis  Swift,  was  used  on  several  occasions,  while 
(-inch   micrometer  was  undergoing  changes.     This  is 
indicated  in  the  notes.     A  revolution  of  the  screw  of  this 
micrometer  was  3".380. 


A 

[<  ROMETKIl  A.L    <  »BSERVATIONS 

of  tiik  Satellite  of  Neptune. 

90th  Meridian  Time 
1897 

Position 
Angle 

Dis- 
tance 

Set- 
tings 

Remarks 

90th  Meridian  Time 
1897-8 

Position 
Angle 

Dis- 
tance 

Set- 
tings 

I:. -n, ark - 

Sept.  14  14  45°  53 

14  56  42 

15  2     6 

242°48 

16.27 
15.78 

4 
4 
4 

Swift's  micrometer 

Nov.     9  15 

1 . "i   1 5     7 
15  49  13 

53.16 

15.12 

15.38 

4 
3 
3 

Seeing  very  bad 

20  15  43     6 
15  48     6 
15  52  24 

235.00 

15.53 
15.12 

4 
3 
3 

22   11     8     6 
11  15    3 
11   19     1 

335.18 

10.09 
9.76 

4 
3 
3 

Very  difficult 
Seeing  excessively 
bad 

22  15  15  24 
15  21     4 
15  24  24 

93.19 

14.81 
14.85 

4 
3 
3 

23  11  26  3S 
11  34  12 

11  38   17 

268.56 

15.86 
15.49 

5 

1 
1 

24  16  33  10 
16  37  37 
16  39  49 

335.10 

9.93 
9.86 

4 
3 
3 

Fine  seeing 

Dec.      6  15     9  30 
15  16    17 
15  22     6 

202.00 

12.33 
12145 

4 
3 
4 

swift's  micrometer 

26  15     0     8 
1 5     4     2 
15     7   1  1 

230.44 

L5.10 
14.58 

4 
3 
3 

Seeing  very  bad 

7  14  27   L9 
14  34  53 

1  1  40  43 

118.53 

12.54 
12.43 

4 
3 

4 

Guilt's  micrometer 
Very  difficult 
Seeing  very  bad 

Oct.      3  14  40  20 

n  i:  24 

14  52   ! 1 

1  14.70 

10.79 
10.57 

4 
3 
3 

Faint 

Seeing  bad 

20  14    11  32 
14  55    3 

1  1  58     3 

60.54 

16.33 
15.92 

5 
3 
3 

6  15  52  22 

15  58  11 

16  2  26 

315.59 

10.99 
10.63 

5 

S 

Very  difficult 

erj  bad 

21    L0  58  36 
L2  26   17 
12  35     5 
12  39  59 

1 ."..  1 

S.  in 

ln.77 
10.63 

2 
4 
3 
3 

1  by  clouds 
Satellite  very  diffi- 
cult.    Thick  sky 

8  1 1     3  50 
14     9  27 
14  12  50 

219.83 

13.55 
I  1.38 

i 

3 
4 

Very  ilitlicult 
Seeing  very  bad 

:-.-,  in     3  38 
in    11'    is 
Hi   16  5S 

L05.31 

L3.86 
13.83 

4 
3 
3 

12  13  34   L3 
13   W  29 

13  45     0 

311.47 

10.92 
11.18 

1 

3 
3 

26    '.i     8    3 

•.i    11    15 
;i  17   L5 

64.00 

16.84 
16.63 

1 

3 
3 

14  13  34   12 
13  39  56 

13   1-  51 

213.58 

12.54 

12.47 

1 
4 

1 

27     9  26   12 
9  32     1 
9  35     0 

7.01' 

10.83 
11.04 

4 
3 
3 

25  13     9  11 
13  14  13 
13  17  33 

248.85 

16.60 

17.11 

1 
3 
3 

29    9     2  10 
9     7  22 
9  L3  16 

242.75 

16.23 
16.39 

-I 
3 
3 

26  L2     3  28 
12     7    17 
L2  10  23 

201.90 

1  L.70 
11.72 

1 

3 
3 

Jan.      1     7  53     <> 
7  58  36 
s     l   20 

61.18 

16.82 
16.1  1 

3 

Seeing  very. bad 

Nov.     2  13   13  23 
13  49  11 
13  53    3 

L01.75 

13.99 

l  1.38 

1 
3 

:: 

2  10  13  53 

in   17    19 
in  20   17 

354.05 

L0.24 

l.i.ll 

1 

3 
3 

Fairly  well  seen 
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90th  Meridian  Time 

Position 

Die 

Kelli:i  1  k- 

90th  Meridian  Time 

Position 

Remarks 

L898 

tance 

lilies 

tance 

Jan. 

i,      in     ■ 
3   L3     2  37 

267.25 

6 

Faint  :ui<l  difficult 

Mar.    1  1 

h        in       ■ 

;     7  50 

320.95 

6 

Very  difficult 

13    9  35 

L5.87 

l 

7  20  27 

9.97 

7. 

slvelj 

13  1  I  29 

L5.50 

4 

7  25    11 

L0.32 

7. 

bad 

If,  in  58  33 

222.52 

6 

Difficult 

15 

7      I   26 

261.07 

7. 

Seeing  verj  bad 

11     8     3 

1  t.55 

.". 

iv  bad 

7     '.  i    1 5 

L5.78 

1 

11    11  21 

1  I..7 

3 

7   12  59 

L5.56 

1 

17     '.i    15     3 

1  13.20 

5 

Faint,  l.ut  observa- 

9 52  17 

L0.81 

3 

tion 

19 

7     7.   12 

37.06 

5 

9  56  41 

L0.66 

3 

7   12  25 

12.94 

4 

L8     7  41  13 

85.87 

4 

Poorly  seen 

7    15  22 

L2.95 

4 

7  52  18 

84.77 

I 

Better  seen 

8     4  47 

15.43 

3 

23 

7    16   21 

L23.06 

6 

8     7  59 

16.23 

3 

7   24    51 

7   28   27 

11,17, 
11.17 

4 

4 

23     7  50  36 

L38.1  l 

5 

Faint 

7    17,     3 

120.53 

4 

Satellite  better  seen 

7  7>7  30 

10.64 

4 

Seeing  very  bad  ■ 

7  51   25 

11.67 

3 

at  second  set 

8     2     0 

10.76 

5 

7  53  37 

11.73 

3 

27  11     4  36 

11    in  24 
11  13  12 

252.26 

16.61 
16.57 

5 
3 
3 

Difficult 

Seeing  very  bad 

29 

7  31     3 

7  35    11 
7  38  23 

113.67 

12.27. 
12.11 

5 
3 
3 

Feb. 

23     8  31   52 

56.59 

4 

8  36  22 

15.69 

3 

Apr.      1 

8     0     7 

287.34 

6 

8  39  17 

15.84 

3 

8     6  45 
S  10  15 

12.44 
12.29 

3 
3 

26     7  59  51 

233.37 

5 

Faint 

8     6     6 

15.79 

4 

Seeing  poor 

2 

7  49  7.7 

243.87 

5 

Sat.  difficult 

8  10  47. 

15.27 

4 

7  56  4S 

16.48 

4 

Mar. 

2     8  16  16 
8  21  37 

339.39 

9.79 

5 

3 

Faint 
Seeing  poor 

8     0     6 

16.52 

4 

8  24     3 

10.00 

3 

3 

7  39  23 

7  44  .'>'> 

190.50 

11.09 

5 
3 

Very  difficult 
Seeing  very  bad 

5     6  58     0 

158.64 

5 

7  48  55 

11.21 

3 

7     2  47. 

9.97 

4 

7     7  24 

9.99 

3 

5 

7  45  39 

63.34 

5 

Seeing  good 

6    6  52  7-4 
6  56  59 

87.68 

15.12 

4 
3 

7  49  51 
7  51  57 

15.96 
16.10 

3 
3 

Satellite  easy  and 
bright 

6  59  17 

15.36 

3 

11 

7  55     1 

57.25 

4 

7     6  46  27 

48.73 

4 

Seeing  good.     No 

7  58  54 

14.94 

3 

6  50  56 

6  53  40 

14.60 

14.7.4 

3 
3 

wind.    Observa- 
tion good 

20 

8     1  30 
8  11  25 

228.35 

15.38 

3 
4 

13     6  49  29 

42.30 

4 

Through  clouds 

8  16     1 

14.57 

3 

6  58  12 

13.93 

4 

and  difficult 

8  18  31 

14.43 

3 

7   12  45 

13.81 

4 

7   •"•">  4."i 

11.96 

4 

Cleared  away  and 

23 

7  47,     (', 

47.99 

1 

Very  low  and  diffi- 

7  36  ."'7 

14.08 

3 

repeat  obsns. 

7  50     6 

14.09 

3 

cult 

7  38  57 

13.80 

4 

Satellite  better  seen 

7  53  30 

13.75 

3 

On  Sept.  24,  a  l.j"-10M  star  was  seen  in  P. A.  40°-50°  ±,  and  dist.  12"  ±.     It  was  seen  again  on  the  26th  north  following.     On  Dec.  29, 
1897,  an  SM  star  was  in  the  field  south  of  Neptune.     The  following  measures  were  made  of  it,  referred  to  the  center  of  Neptune. 

Position  Angle  Distance  Set 


1S97  Dec.  29  9  18  22 
9  23  16 
9  26  46 


161. 9S 


138.3:. 
138.47 


The  star  was  of  a  reddish  color,  and  by  contrast,  the  disc  of  A  eptune  was  greenish  in  tint.     The  time  in  these  obsns.  is  6h  0m  0s.     Slow  of  Gr. 
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Besides  these  observations  of  the  satellite  of  Nept 
series   of   micrometer-measures    lias    been    am 
several  of  the  nebulas,  for  parallax.     The  planetarj  nebu- 
las are  being  measured,  and  a  micrometrical  survej  of  the 


globular  cluster   M5   has   been   undi 

ition  of  seme  of  the  variable  stai 
found  in  t  be  i :  -  aphs. 

ferfa     Observatory,  Williams  Bay,  Wis.,  181 


MEASURES   OP   THE   FIFTH 

l!v  R.  G. 

The  following  measures  of  .Jupiter's  Fifth  Satellite  were 
made  with  the  36-inch,  refractor  of  the  Lick  Observatory) 
using  a  350-power  eyepiece.  A  very  thin  piece  of  smoked 
glass  was  inserted  as  nearly  as  possible  in  the  focus  of  this 
eyepiece,  cutting  off  about  half  of  tbe  field  of  view.  In 
making  the  observations,  the  position-angle  of  Jupiter's 
belts  was  first  determined,  and  the  circle  then  set  at  right- 
angles  to  this  reading,  and  clamped  firmly.  The  nearer 
limb  of  the  planet  was  allowed  to  project  slightly  beyond 
the  edge  of  the  occulting  bar,  and  was  bisected  with  the 
fixed  wire ;  settings  on  the  satellite  were  then  made  with 
the  movable  wire  in  as  quick  succession  as  possible. 

In  the  published  measures,  the  individual  settings  made 
within  five  or  six  minutes  are  combined  into  mean  results. 
The  columns  give  in  order  the  number  of  independent  set- 
tings, the  mean  time  (Pacific  Standard)  and  the  mean  dis- 
tance of  the  satellite  from  the  center  of  the  planet.  No 
riu  nations  have  been  applied  to  the  readings.  As  will  be 
seen,  the  .(--coordinate  only  was  measured  ;  under  the  con- 
ditions it  did  not  seem  advisable  to  attempt  measures  of 
the  //-coordinate. 

Friday,  1898  March  4. —  East  Elongation.  The  satellite 
was  nearly  at  elongation  at  the  beginning  of  the  observa- 
vations,  and  was  seen  without  difficulty.  A  light  wind. 
however,  swayed  the  telescope,  and  made  all  the  settings 
difficult  and  somewhat  uncertain. 

Position-angle  of  belts,  11-1°. 4;  semi-diameter  "I  Jupiter, 
20".8. 


SATELLITE   OF   JUPITER, 


Ki  30  22 

38  20 

■11  25 

.">!'  5 

10  59  40 

11  6  II 
1  I  3 
22  1 

11  26  L5 
*  Uncertain. 


52.0 
51.6 
52.7 
52.5 
53.6 
52.3 
52.5 
51.5 
50.5 


11    13  15 

is  35 

54  10 

11  57  20 

12  13  32 
L9  25 
L'l  12 

12  31  20 


46.6 
16.1 
43.4 
13.0* 
37.8 
36.1 
35.3 
34.3* 
32.5* 


Sunday,  L898  March  27.  West  Elongation.  The  satel- 
lite was  exceedingly  faint,  even  when  at  elongation,  and, 
at   moments,  disappeared  entirely.     Wind  interfered  with 

all  measures  alter  l.V1  ()'". 

Position  angle  of  belts.  1  it; '.0  ;  semi-diameter  of  Jupiter, 

2 1".  1 . 


ill  Ki.S. 

1 

8 

» 

h       in 

a 

4 

13 

52 

30 

48.4 

3 

1 5     2 

24 

4 

13 

.".7 

39 

50.4 

2 

6 

3 

14 

1 

19 

52.2 

3 

11 

29 

3 

5 

11 

52.6 

3 

1.. 

4 

7.1.7 

.'! 

9 

i<; 

53.0 

2 

17 

20 

51.6 

2 

13 

51 

52.8 

4 

L'l 

6 

50.9 

3 

21 

21 

54.6 

3 

27 

59 

49.1 

3 

32 

27 

54  3 

2 

33 

33 

48.4 

3 

39 

.-,1 

55.3 

3 

38 

42 

17.  9 

3 

4-1 

11 

53.8 

3 

42 

6 

17...; 

3 

48 

20 

54.5 

3 

47. 

9 

3 

51 

21 

53.4 

2 

47 

52 

4.;. 7' 

2 

14 

54 

6 

53.7 

2 

la  50 

54 

42.1* 

4 

Very  uncertain. 

Friday,  1898  April  8.  —  West  Eton 
fainter  than  on  night  of  previous  measure,  and  obser. 
correspondingly  difficult. 

Position-angle  of  belts,  114°.5 ;  semi-diametei 
21".0. 


4 

12  17  18 

43.7 

4 

L3 

36  M 

53.4 

3 

22  22 

44.2 

2 

in    3 

3 

25   18 

44.0 

3 

47  58 

4 

43  24 

48.6 

2 

13 

7,7     2 

50.3 

4 

47  43 

49.4 

4 

11 

1    21 

50.7 

4 

52  13 

19.8 

.'! 

6  15 

19.9 

3 

12  76  56 

51 1.6 

•> 

'.i  35 

3 

13     2   49 

51.6 

■> 

19     1 

19  7- 

4 

8  36 

52  3 

•  > 

21    l- 

45.2 

2 

14  17 

52.9 

3 

29  56 

10.7 

4 

17  37 

53  2 

3 

34  30 

36.lt 

2 

i:;  25  42 

53.1 

2 

14 

37  59 

* 

Uncertain. 

t  Y.i>   iin.  .  i 

a  in. 

Saturday,   L898  April  16.-     West   Elm  Satellite 

well    seen    only    for   about    half    an     hour     at    elongation. 
Measures  difficult. 


Position-angle  of  JupiU  i 
of  JupiU   .  20   8, 


ai-diameter 


1  Id 

lit  6 

is  2 

28  29 

31  59 

39  0 

12  I 


17.7. 
60.1 
50.6 
52.9 
53.3 

7.3. 7 

."..;. 7 


12  7.1  39 


L3 


7.7  I". 

3  7 

12  31 

16  19 

19  50 

L'l  55 

32  0 


51.9 

7.1.7 
51.9 
19.9 

17  0* 


i lain. 

lory,  University  qfCattfo 


30 
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PROPER    MOTION  OF  THE    BERLIN  JAHRBUCB  STAR,   (.11.  1771, 

Hv  .1.  Q.   PORTER. 

half  a  second  in  time.     An  investigation  reveals  the  Eacl 

e  propei  motion  is  entirely  wrong.     'II 
lowing    table    shows    the    authorities    I    have    used,   the 
systematic   corrections    being    taken   from   Dr.  Attwebs's 


No.  136  "I  i  he  Funda- 
mental-Catalog  dor    Astronomischen    Gesellschaft,    lias    a 

l  0*. 01 73  a    i  ned    i"   it,     In   using  t In 

recently    in  connection  with  others  for  the  determination 
of    the    clock-error,    I    noticed    ■>   discrepancy   "l    nearly 


I  Ipocb 

i: 

\. 

1900.0 

Reduc. 

Obs. 

Fedorenko, 

1  7'.»0.2 

II 

h; 

54.88 

_ 

1 

<  rroombi 

L810.3 

54.69 

+  0.40 

_ 

Ettlmker, 

L836. 

55.05 

+0.01 

3 

Armagh, 

ISIL'.T 

r..V  1 1 

o.oo 

6  .  ;, 

Etadcliffe, 

184  1.6 

;,:..  i :. 

-O.lll 

3,5 

Pulkowa, 

1866.1 

55.13 

+  0.01 

6 

Romberg, 

x      1875.1 

54.96 

0.00 

15  ,  14 

Ill-year  fatal.. 

1881'.5 

11 

16 

55.04 

+0.04 

9  ,  31 

Epoch 

Dec 

.  LI .n 

Etedoc. 

1790.2 

+  64 

52 

:;s.'.i 

_ 

1st  H.:; 

36.8 

-0.4 

L836. 

37.9 

-1.1 

is  in,-, 

38.2 

+0.2 

1846.7 

37.7 

+  (i.7 

1S06.1 

38.2 

+0.1 

1875.1 

39.2 

+0.1 

1881.2 

+  C4 

52 

39.0 

+0.2 

The  small  innt imi  in  declination  of  +0".027  is  confirmed, 

hut  ill  right-ascension   the  movement  is  evidently  inappre- 
■  mati  Observatory,   1808  April  22. 


ciable.     The  star's  right-ascension  as  given   in  the  Berlin 
.lulirhuch  is  now  therefore  too  small  bv  0 '.40. 


OBSERVATIONS   OF  MINOR   TLA  NETS, 

HADE    »  M  II     llli;    12-INCH   TELESCOPE   OF   THE    LICK    OBSERVATORY,    I'M  V  EB8IT  V    OF   CALIFORNIA, 
Bv  WILLIAM   J.   HUSSET. 


1897-98  Ml. Hamilton  M.T. 

* 

No. 

Planet        * 

Planet's 

Apparent 

log  pA 

<  lomp. 

da.         |         J8 

a 

s 

for  a 

ford 

(387)  [1894  .1/] 

Her.  ;;o 

12  38 

36* 

1 

II,'.) 

+  0 

2L2f, 

+6  47.3 

7 

;;s".v.u>l 

+  13°  12   .V.K5 

«8.629 

o..-,.-,:: 

31 

11    17 

35 

o 

8  ,  8 

+  () 

8.37 

+  4     5.5 

7 

38   11.00 

+  13  17  32.4 

//9.29I 

0.568 

Jan.     2 

1  1    13 

L8 

3 

11  ,9 

-0 

27.79 

-0  5S.7 

7 

36  L'o.  11 

+  13  28     7.5 

ii.:;so 

0.575 

3 

11     n 

18 

3 

10  ,  s 

-1 

12.26 

+  3  16.6 

7 

35  35.96 

+  13  32  22.7 

„'.).:;io 

0.569 

4 

L2     0 

19 

4 

10  ,  8 

-1 

30.28 

—5  30.6 

7 

34  40.76 

+  13  37  35.3 

hS.875 

ii. 550 

12 

11      1 

•  >*» 

5 

10  .  8 

-1 

10.88 

+  0  52.6 

7 

27  32.09 

+  14  20   10.5 

&9.037 

0.540 

13 

10  I'd 

3 

(i 

8  ,  8 

+  0 

3.68 

+6     6.3 

7 

26  39.45 

+  14  25  32.8 

»9.275 

0.547 

14 

'.i   1 1 

56 

7 

,     8.9 

+  2 

16.62 

-3    0.7 

7 

25    16.61 

+  14  31     0.7 

//'.),!  15 

11.570 

15 

12  35 

lu 

8 

10  ,  8 

+  1 

16.51 

+  2  24.3 

7 

24  46.03 

+  14  37  20.2 

9.053 

0.537 

L3     5 

27 

7 

8,8 

+  1 

15.75 

+  3  28.0 

7 

24  45.75 

+  14  37  29.3 

9.2 1 1 

0.551 

17 

in    is 

22 

9 

10,8 

+  1 

6.62 

-4  37.1 

7 

23     2.30 

+  14  48   1  l.s 

»8.967 

0.531 

20 

1  1   31 

22 

10 

8,  8 

-0 

12.05 

+  3  52.3 

7 

20  15.29 

+  15     6  22.0 

9.562 

0.597 

(276)  Adelheid. 

• 

Dec.  30 

15  51 

2 

11 

13  ,  8 

-0 

56.63       -4  29.3 

8 

11  38.48 

-11  31  43.3 

9.437 

0.803 

Jan.     2 

L3  11 

ii 

11' 

12,8 

-0 

42.18 

-3  21.8 

8 

9  41.14 

-11  40  31.7 

B7.881 

0.823 

3 

1-  38 

30 

12 

9  ,8 

-1 

23.37 

-5  52.2 

S 

8  59.97 

-11  43     2.3 

»7.863 

0.822 

13 

12      1 

IS 

13 

8  ,  8 

-0 

25.88 

+0  52.4 

8 

1    27.18 

-11  53  52. 8 

m8.653 

0.824 

15 

1  1    29 

26 

15 

8  ,  8 

-0 

3.07 

—  3     5.6 

7 

59  46.28 

-11  42  37.2 

9.417 

0.805 

(213)   Lilaea. 

Jan.   20 

11   47 

24 

17 

s  ,8 

— 0 

10.82    |   +1  35.6 
(247)   Eukrate. 

9 

27  13.08 

+  16  58  13.3 

»9.310 

0.510 

Jan.  11' 

9     1 

18 

18 

8  .  s 

-0 

16.97       +0  17.:; 

7 

13   15.99 

+  62  14  14.1 

«9.97." 

7*0.233 

15 

L0  35 

50 

20 

8,8 

+  0 

4.59       _|  50.3 
(354)    Eleonora. 

7 

37  21.03 

+  61  57  43.6 

«9.525 

»0.555 

Mar.   11 

11   23 

33 

21 

8  ,  8 

-3 

14.92       +n     0.6 

10 

58  11.70 

+  19  40  53.4 

»8.494 

0.422 

L3 

It)  59 

11 

22 

1"   .   8 

+  0 

14.61     1   -1   20.1 

10 

56  49.17 

+  20     1   57.9 

«8.803 

0.416 

18 

10  50 

27 

23 

8  ,8 

-3 

24.48       +7  12.1 

10 

53  31.77 

+  20  50  33.6 

wS.533 

0.393 
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Mean  Places  for  1897-OS  of  Comparison- Sta /  J. 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

7  38  28.99 

+  5876 

+  13°   6  22.2 

-10.0 

Glasgow  1942 

o 

7  37  56.85 

+  5.7S 

+  13  13  36.9 

-10.0 

10*  ±  connected  with  *1 

3 

7  36  45.71 

+  2.40 

+13  29    8.1 

-  1.9 

Gdttingen  1789 

4 

7  36     8.54 

+  2.5(1 

+  18  48     8.0 

-    2.1 

Glasgow,  666 

5 

7  28  40.35 

+  2.(12 

+  14  l'.i  20.1 

—  2.2 

'a  Bessel  1  : 

6 

7  26  83.15 

+  2.62 

+  14   19  28.6 

-   2.1 

Weisse's  Bessi  1  7h736 

7 

7  23  27.36   " 

+  2.63 

+  14   8  1      8.1 

-   I'.o 

B.B.  VI.  +14°1677 

8 

7  23  26.88 

+2.64 

+  14  34  58.0 

-  2.1 

B.B.  VI,  +14"  1676 

9 

7  21   53.02 

+  2.66 

+  14  52  54.0 

-  2.1 

Glasgow  1869 

10 

7  20  24.63 

+2.71 

+  15     2  32.0 

-   2.3 

Auwers,  Berlin  AG.  Catal.  2830 

11 

8  12  30.14 

+  4.79 

-11  27     3.2 

-10.8 

se's  Bessel  8*270 

12 

8  10  21.15 

+  2.17 

-11  87     9.3 

-  0.6 

Santini  llol 

13 

8     1  50.72 

+2.34 

-11   54  42.3 

-  2.9 

S.DM.  -11  2238.     Connected  with  *14 

14 

8     2     1.22 

+2.34 

-12     0  49.8 

-   2.9 

'.  (W.B.7h1768+ Santini  991) 

15 

7  59  46.98 

+2.37 

-11  39  28.2 

-   8.4 

S.DM.  -11°2225.     Connected  with  *16 

16 

7  59  54.87 

+  2.37 

-11   44  24.3 

-    .",.4 

liffe  Catal.  2 

17 

9  L'7  21.27 

+  2.63 

+  16  r,C,  42.7 

-   5.0 

Auwers.  Berlin  A.G.  Catal.  3843 

is 

7  43  27.96 

+  5.00 

+62  13  59.2 

-   2.4 

DM.  +62  958:     Connected  with  *!'.» 

19 

7    16  2S.84 

+  5.01 

+  62  18  30.0 

•>  - 

Krueger,  Helsingfors-Gotha  A.G.  Catal.  5271 

20 

7  37  11.43 

+  5.01 

+62     2  85.o 

-   1.1 

5204 

21 

11     1  23.57 

+3.05 

+19   11     8.5 

-15.7 

Auwers.  Berlin  A. (i.  Catal.  4358 

22 

10  56  31.49 

+3.07 

+  20     3  33.4 

-15.4 

Becker,  Berlin  A.G.  Catal.  4163 

23 

10  56  53.14 

+3.11 

+  20  43  36.6 

-15.1 

»                           "           4166 

Redaction  to  apparent  place  :    for  >)<12  for  Jan.  0  is     da.  =  +2'.  19  ,  JS  = — 0".8.     Direct   measures,  comparing  stars  7  ani 
Ja  =  O.T2    ,     JS  =  54".7. 

Mt.  Hamilton,  Cal.,  1898  April  80. 


OBSERVATIONS   OF   (354)  ELEONORA, 

MADE     WITH    -THE     12-INCH     TELESCOPE     OF     THE     LICK      OBSEBVATOBT, 

Bl    E.   P.  CODDIXGTOV 


1898  Mt.  Hamilton M.T. 

* 
* 

No. 
Comp. 

Plane 
Ja 

-* 

JS 

Planet's  Apparent 

a 

lo<*  ±p 
for  •!         for  8 

Mar.  11     11'  27  39 

13    11  14  :■.:; 
18     12  23  44 

1 
o 

3 

12,8 
8,8 
8  ,  9 

1  C»?81 
+  0  14.10 
-3  26.87 

+  0   81  '2 

-1   11.9 
+  7  46.6 

10  58    9.81 
10  56   18  66 
10  53  29.38 

+  19  41   24.0 
+  20    2     6  l 
+20  51     8.1 

9.059 
8.452 

0.431 
0.413 
0.425 

Mean   Places  for  1898.0  of  Comparison- Stars. 

* 

a 

Red.  to 

app.  plaee 

8 

Red,  to                                           ,    ., 
app.  place                                             Authority 

1 
2 
3 

h      m      s 

11     1  23.57 
LO  56  31.49 
10  56  58.14 

+3?05 

+3.07 
+  3.11 

+  19°  4l'     85 
+  20     3  33.4 
+  20  43  36.6 

-15*7 
- 1 5.4 
-15.1 

Auwers,  Berlin  A. G.  Catal.  1358 
Becker,  Berlin  A  0  Cal  d.  H63 
Becker,   Berlin  A  1 !   I   il       U66 

Mt.  Ilamilton,  Cal.,  1S0S  May  3. 


OBSERVATIONS  OF  4885  Z  CENTAUR1  AND  THE    NjBJBULA    ff.G.C  5253, 

Bl    WILLI  LM  .1.   BUSS3  S 
In  A. -J.  371  and  383,  I  have  given  estimates  of  the  mag-      I   have  made  the  following  observations,  using   th< 
uitudes  of  Z  Centauri  on  certain  dates  in  December,  1895,     parisan-stars  referred  to  in  A.J.  383,  particularly  the  stars 
and  January,  February,  June  ami  July,  1896.     Since  then      E  and  /■'.  .is  the  basis  foi  the  estimation  of  magnitude.     At 
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nil  times  the  3tar  has  been  difficult  on  accounl  of  the  nebula 
surrounding  it.     Tins  nebula,  when  Been  under  th 

conditions,  has  ever)   appearani I  being  a  pari    "I   the 

i    latter  neb 
seen   in   the  cope,  maj    !"•  described  as  having 

hat   the  form  of  the  Great  Nebula  in    Indromeda  as 
These  are,  bowevei 
important    differences:       N.G.C  5253    has    a    relatively 
er  central  condensation,  and  its  ''nils  are  nol  equally 
bright:  the  south    preceding  end  is  many  times  brighter 
than  the  north  following  end  in  which  ZOi  ntauri  is  sit 
3ft.  Hamilton,  <         L898  Vay  2. 


L897  Jan. 
Apr. 

May 
.1  une 


July 
Dec 


L898  F(  b.    13 

\\n:  11 
11' 
21 


[nvisible.     Fainter  than 

Visible.     !<•] ".  or  somewhat  fainter. 

:.  ith  difficulty       1 1  ater. 

[nvisible.     Fainter  than 
[nvisible.     Seeing  not  verj  good.     I 
.  isible  about  I  6 
ible. 
[nvisible.    Si  od.     Faintest 

Btars  \  isible  about  L5 
16". 

'  linly  fainter  than  star  /•'. 

HiA",  or  fainter. 


EPHEMERIS   OF    WINNECKE'S   CO-MET,  a  1808, 

l!v   ('.   Mil. I. Mill:  AMI   (continued  from  p.  10). 
{A.N.  3482)  :     For  Berlin  Midnight. 

&  log  A  l:r--P  ls'.l.s  a  i 


June 


5.5 

2  i»  is 

-0  52.3 

June  13.5 

2  18  17 

-ti  0.1 

7.:. 

.",  26 

38.3 

0.2754 

0.13 

15.5 

23  3 

+  0  11.1 

0.2817 

0.12 

9.5 

9  59 

24.9 

17.5 

27  I- 

■  >■>  •> 

1.5 

2  1  1  26 

-0  12.2 

0.2788 

0.13 

19.5 

2  31  17 

+  0  32.3 

0.2841 

0.11 

SEARCHING    EPHEMERIS   FOR   ENCKE'S   COMET, 

llv   A.    [WANOW. 
(A.X.  3490)  :     For  Berlin  Noon. 


lo"  A 


une  1 .0 

6 

7  12 

+  2(i  15.5 

9.9496 

3.0 

L6  58 

18  55.0 

.9191 

5.0 

25  54 

17  27.:. 

.8879 

7.0 

34  13 

15  52.9 

.8562 

9.0 

42  '.) 

14  10.8 

.8241 

ll.i) 

19  55 

12  20.2 

.7916 

13.0 

6 

57  42 

10  20.0 

.7588 

15.0 

7 

5  44 

8  8.2 

.7255 

17.lt 

14  14 

5  42.8 

.6918 

L9.0 

23  24 

3  L.O 

.6578 

21.0 

33  29 

+  0  0.2 

.6237 

23.0 

7 

44  48 

-  3  23.5 

9.5898 

1888 


June 


July 


log  A 


25.0 

7  57  38 

-  7  12.1 

9.5565 

27.it 

8  12  26 

11  2S.S 

.5248 

29.0 

29  38 

1(3  13.7 

.4958 

1.0 

8  4C.»  51 

21  23.9 

.471  is 

3.0 

9  13  37 

26  50.8 

.4518 

5.0 

9  41  31 

32  19.7 

.4402 

7.0 

lt»  13  is 

37  30.6 

.4372 

9.0 

lit  50  14 

42  0.7 

.4429 

11.0 

11  29  39 

45  34.8 

.4564 

13.0 

12  in  18 

47  58.8 

.4772 

15.0 

12  49  46 

49  21.5 

.5025 

17.u 

13  2G  1 

-49  52.2 

9.5310 

CORRIGENDUM. 

No.  433,  p.  7,  col.  2,  line  S,    for    204°  54'  34"    read    262°  54 


CONTEXTS. 
Mi  a-i  bbs  "i    the  Satellite  of  Neptune  with   the  40-inch  Refractor  of  the  Yerkes  Observatory,  with  Remarks  oh 

me  Gbeai  Telescope,  i-.y  E.  E,  Barnard. 
Mi  \m  res  oi    the  Fifth  Satellite  of  Jopiteb,  by  R.  c  Ajtken. 
Proper  Motion  of  the  Berlin  Jahrbuch  Star,  Gr.  1771,  by  J.  G.  Porter. 

na  of  Minor  Planets,  uv  William  J.  Husset, 
OSS)  i.N  ITIONS  OF  (354)  Elbonora,   l:Y   E.   F.  Coddington. 
Obseri  ltions  "i   4885  Z  Centaubi  and  the  Nebula  N.G.C.  5253,  by  William  J.  Husset. 

EPHEMERIS    OF   WlNNECKE'S    COMET,    a    1808,    BY    C.    IIll  I.KI-.KAND. 
SeARI  1I1N<;    EPHEMERIS    FOB    ENCKE'S   COMET,    BY   A.    IWANOW. 
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THEORY    OF    THE 


Very  satisfactory  theories  of  the  motions  of  the  heavenly 

bodies  describing  ellipses  in  resisting  media  have  been 
given,  but  as  the  eccentricities  of  the  orbits  approach 
unity  the  series  employed  become  very  slowly  convergent, 
and  cease  to  hold  altogether  for  parabolas.  In  this  latter 
case,  however,  the  formulas  can  be  put  in  a  very  simple 
ami  general  form. 

I'll. in  a  practical  point  of  view  this  problem  is  not  en- 
tirely devoid  of  interest,  as  most  of  the  comets,  which  on 

ace it   of  their  enormous  dimensions  and  small  masses 

arc  most  liable  to  have  measurable  disturbances  from  this 
source,  move  in  sensibly  parabolic  orbits.  Besides,  many 
di'  t  In  'in  pass  mi  near  to  the  sun  that  thej  move  with  greal 
velocities,  and  some  have  even  traversed  several  millions 
dt'  miles  of  I  he  sun's  corona.  If  the  corona  acts  as  a  resist- 
ing medium  upon  a  comet  passing  through  it,  it  will  be 
interesting  to  know  what  elements  of  the  parabolic  orbit 
will  be  changed,  and  how. 

The  differential  equations  of  motion  in  Lagrange's 
second  form  are 


0) 


INFLUENCE    OF    A    RESISTING     MEDIUM    UPON    BODIES 
MOVING   IN   PARABOLIC   ORBITS, 

By  F.  R.  MOULTOX. 

are  the  components  of  the  disturbing  force  in  the  direction 
of  the  x,  >/  and  z  axes  respectively. 

If  a  be  supposed  equal  to  zero  hi  (1),  and  the  Jacobian 
canonical  constants  of  integration  «1}  «._,,  «,  ;  ft,,  ft.,,  ft, 
be  taken,  we  shall  have  the  canonical  elements  of  motion 
in  a  conic  section.  They  have  the  following  well-known 
geometrical  meaning. 


u  bere 


,/.,•      (>  (i/_n) 

dx'              ,>(H-  V.) 

dt             dx' 

dt                      dx 

dy         d(H-0) 

dy'              d(H-Q) 

dt                dy' 

dt                      dy 

dz    _  V(H-Q) 
dt    ~          dz1 

dr.'                  d(Il-il) 
dt                        . ' . 

d.r            ,          dy 
dt                  '     dt 

'I'- 
ll     ,       .-    =    - 
J      '     dt                 ' 

'-U    ,     T=i(x' 

-+/'-+•'-)    .     v  = 

/.   i^  the  sum  of  the  masses  of  the  sun  and  the  revolving 
body,  I  '  is  tin-  Gaussian  constant,  and  fi  is  such  a  function 

that 

.'s>        da        da 

dx      '      dy     '      dz 


_  k*(e*-l) 

=  /.■  Vi>  cos  * 


ft  = 
ft  = 
ft,  = 


- 


—  Si 


where  c  is  the  eccentricity;  /».  the  parameter;  i.  the  incli- 
nation of  the  plane  of  the  orbit  to  the  plane  of  the  ecliptic  ; 
T.  the  time  of  perihelion  passage;  Q,  the  longitude  of  the 
ascending  node;  tt,  the  longitude  of  the  perihelion.  If 
the  mass  of  the  revolving  body  is  negligible,     p  =  1. 

Considering  now  the  disturbing  force  CI,  we  have  by  the 
method  of  variation  of  parameters  as  shown  by  Jacobi  in 
Chapter  XXXVI  of  his   Pbrlesungen  liber  Dynamik, 


It  is  manifestly  impossible  to  find  the  perturbati 
the  major  axis  in  the  case  of  a  parabolic  orbit,  so  wi 

use  as  elements,     p,  . .  ir,   T.  £  and  Si- 
We  find  from  (2), 


da, 

da 

d& 

da 

dt 

~  ''ft    ' 

dt 

da\ 

,1a. 

da 

dft,  _ 
dt 

<>n 

dt 

30 

da 

^«3 

V 


ft' 

_  1  +  -».'V 

k* 

=   ft  +  ft 


T / 


=   ft 


' 


34 
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Differentiating  (4)  and  letting     «,  =  0  and  e  =  l 
iIh\  beoome  in  a  parabolic  orbit,  we  have 


(5) 


Substituting  in  (•">)  the  values  of  the  canonical  elements 
ami  their  derivatives  obtained  Erom  (2)  and  (3),  we  have 


dp       2«3 
dt    ~   k1 

,11     ■ 

■IT               ,/ft 
dt                 dt 

de        «;1" 
di   =  ¥ 

dl'., 
di 

dn.                   i/l>, 

.      .  -//             "  dt               dt 

Sill    /         -       =       : 

dt                   u3- 

dir               dji, 

dt  ~  ~dl 

^  dt      ' 

da     dp, 

dt  :    ,// 

(6) 


dp 
dt 
de 
dt 
dir 

dl 


da 


,it 
di 
di 
dt 

da 
dt 


dii 


csc  i  (      .  <m      da 

COS  '       — 

da 


k 

>   da 

da      da 

da,        ■><>.. 

In  the  case  of  the  art  inn  of  a  resisting  medium  the  per- 
turbative  force  is  a  function  of  the  coordinates  alone  as  it 
is  in  the  mutual  actions  of  the  planets,  for,  although  the 
resistance  in  a  given  medium  depends  upon  the  velocity  of 
the  moving  body,  in  the  present  case  the  velocities  are 
directly  functions  of  "the  coordinates.  Hence  if  j  =  1,2,3 
and  oj  represents  either  «,.  or  flj  we  have 

,)Q     _  da   dp         dCl   de         dil   dir 
d7}    ~  dj)  dVj        de   dVj  +  dir  d^ 

da  dT        da    di         ,)V.    da 

+  dl'  d^}  +  di  dVj+  da  7j1 

Carrying  out  the  computation  in  detail  we  find  from  (4) 


dc^  _  V 


da 
de 


._.    da  csc  i  da 

v  '  |  ,'c..,  «,     di 


da 

\J7u~, 


i'..-       di 


da 

da 
d~p, 
da 


da 

~  dT 

da 

dir 

da 

dir 


da 
o~a 


Substituting  these  values  in  (6),  and  reducing  by  (2),  we 
obtain 


dp 

dl 

2  Vp 
k 

da 

di 

de 
di 

P 

k- 

da 
di 

dir 

tan  .', 

da 

dt 

/oVp 

di 

/>    da 

F  de 


(8)'  Tt   =  _  m  ■^r 


dT 
It 
di  _         1     / 

dt  k  yjp  \ 

2_yp  da        da 

k      dp     '      dt 


da 

dir 


csc  i    da 
k-Jp    di 

These  are  the  general  formulas  for  the  variation  of  para- 
bolic elements,  and  can  be  applied  numerically  when  a  can 
be  developed  in  terms  of  the  elements  and  the  time.  When 
the  perturbations  arise  from  the  action  of  a  resisting 
medium  the  formulas  take  a  very  simple  form  by  resolving 
the   disturbing  force  into   three    rectangular  components. 


till  keep  the  formulas  general,  and  nol  specialize  in 

i  in  the  nature  of  the  disturbing  force. 
Let  L  be  the  component  of  the  disturbing  force  i 
ilireetimi  ..I  the  radius-vector,  positive  when  directed  from 
the    nn  :    i/.  the  component   perpendicular  to  the  radius- 

.  i  Dii  :  .v.  the  com- 
ponent perpendicular  to  the  plane  of  the  orbit  and  positive 
toward  the  north.  Let  v  be  the  true  anomaly,  and  u  the 
argument  of  the  latitude  ;  that  is,  u  =  n  —  a  "*~  '"■  Tak- 
ing rectangular  axes  with  the  origin  at  the 


obtain  by  solving  the  spherical  triangle    x  a  '* 
lowing  well-known  formulas. 

-  =  £(cos«  cos  £2  —  sin  «  sing  cost) 
+  M  (  —sin  »  cos Q  —  cos  it  sin  a  COS  i) 
+  N  sin  a   sin  i 


the  fol- 


da 

■>il 

da 


=  L  (cos  u  sin  a  +sin  a  cos  a  cos  i) 
+  -.!/(  —  sin  a  sinJJ  +  cosM  cos  a  cos/') 
—  N  cos  a   Bin  i 

=       L  shift  sint  +  J/cosit  sin t  +  JV cost 


(9) 


From  the  same  triangle  we  find  also 

x  =  r  (cos  u  cos  a  —  si"  «  sin  a  c*>s  0 
H  =  ?-(cos?t  sin&+sin?t  cos  a  cos/) 
z   =   ;•  sin  ii  sin  i 

From  the  law  of  areas  we  have 
=  tan  I     this  becomes 

k(l  +  e)-dt  _   (1 


(10> 


=  k  ^1  p .    Lettinc 


Lettint 


2ps/*      ~  (i +t-:  wy 

=  A.     and  expanding    in  powers  of    X 


find  after  integration, 
k(l  +  e)>(t-T) 


+  i 


l^3  . 


In  the  case  of  the  parabola     e  =  1  and  X  =  0 
becomes 
2k(t-T) 


V 


Lettiiu 


=  tan  J  +  \  tan3 1 . 
V 


We  have  also, 


•(H) 
so  (11) 


(12) 


1  +  (-  COS  0 

u  =  7T—  a  +  f 
:  o-  represent  any  one  of  the  elements  we  have 

da  _  da  dx     da  dy     <>a  dz 

dir    ~  dx    d^       dy    d<r       dz    dtr 


da    da 

dx  '     dy 


da 

dz 


are  obtained   from  (9)    directly.      We 


must  now  compute 
ments.     If  we  let 


dx 

J*' 


dii        ,   dz 

sT  and  ~r 

da  da 


for  each  of  the  ele- 
with  the  parenthesis,  represent 
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tlie  derivative  of    r    with  res  o  far  as  it   i 

explicitly  we  shall  I  neral  expression, 

_  dx\  /; 

ami  similar  formulas  in   y  ami   ,-.. 

From  (11)  and  (12)  we  find  the  following  relations,  let- 


\~J~<r)  +   ,)C    7>„  \  +    dll    ,)r    ()„  +    ,,a 


tins. 


=  1, 


(13)     \ 


=  1 


tan  :, 


tan 
jj  s. 

()>■     7)ir 

dw  ~de 


dr 

dr 

dii 

dv 

dv 

''I' 

Ve 

''''  O  2   r 

=    1  COS 

,)ir 

<>,'■ 

-     =  +  sinc(l  — 1  ta 

- 

The  other  expressions  required  in  computing 
dy  dz 

<Iit         i>(T  '.r 

air  readily  found.     Carrying  out  the   computations. from 
(9),  (10),  (11),  (12)  and  (13)  we  obtain 

—  =    \  cos    ■/.  —  tan  :.  (l  +  .U-osr)  M 

—  =  p{— icosr  sec4 ;  +  siir '.  (1—  !  tan'j   j  /. 

''"  +  |  sin  o  i  1 

an 

—  =   S  sec-  .   1/ 

C?7T 


(14) 


dil                 I:  T         'Ik 

—  = —  smvL —  — =  cos 

Vp  Vp 


dT 


90 

——  =    ,  mii  u  sei  -     A 
'/( 

=s  —  p  sei  eosu  N 

Substituting  these  values  in  (8)  we  have 

-±.  =  c    secs  .  i/ 

dt 

de         Vp    •       r       2  Vp        ., 

—   =  -V-  sin  vZ  H f-£-  cos- ..   1/ 

dt  /.■  k  - 

''?  =  _  Vpc.0s,-Z  +  -  .'•  C(       i  1/ 


(15) 


Vp 


eft 


+    .',/    t;l"  . 

=  ''r,  <  —  i  cosv  s.  ■  'tanV^Si 

+JL  sinv(l-J  tan4 J)  .'/ 


'/'         Vp  v 

=   ■     '    COS)'  sec-        A 
.//  L'/.- 

d£l        Vp       •   •  \ 

-j-  =  ~-  csc  <  snw  sec'  .  A 


e  formulas 
turbing  force  is  a  function    of   the   coordinates. 

nfent    when    it   is   nec-e 
itures  in  th- 
is the  result  of  a  resisting  medium  -.. 

he  tangent  opposite  to  the  direction  of  i. 
In  this  case     X  =  0,     and    i  and   SI   ari 
is  also  evident  from  geometrical  considera- 

If  we  denote  the  resisting  force  1  rin,d 

L  =   —sin     I:  1 

M  =    -cosf  /; 
Substituting  these  expressions  for  L  and  M 
obtain 


<lt  k 


de 
dt    = 

2Vp 
k 

d- 

- 

2V? 
k 

■IT 


=    -|isinj       -  ".    A' 


Since  /.'    is  a  positive  quantity  these  formulas  Ii 
the  following  theorems: 

(a)     A  resistance  in  any  part 
arm  ! 
A  resistance  in  any  part  of  thi 
tricity. 

I      mi  180°<»<0  t 

tint,'    of  the    periheli  0<tr<180e 

reases  it. 

—  180     <'•<<!      /»■'•'.     s 

helio         ■  ■  - 

rlier. 

In  effectii  .ration  of  (17)  it  will  he  convenient 

t..  change  the  independent  variable  t 


,dr  ,. 


we  have 


dt  = 


Then  (17)  1" 


/.' 


Tv  =  -&8eo^ 

iItt  j-2 

-—  =  —  —     ~ 

</  7'  _ 

,/-•    _         16AS 


| 


- 


In  order  t"  carry  out  the  integration  it   i>  i 
mi  explicit  :  w  e  shal       rtaii   j 


:;.; 
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near  the  truth  if  we  assume  that  B  is  s Function  of 

ime  other  function 
<  >  t  the  density  oi  the  resisting  medium.  Let  />  be  the 
density  of  the  resisting  medium,  /'  the  velocity  of  the 
moving  body,  and  h  a  constant  to  be  determined  by  obser- 
vation. Then  we  may  write 
(19)  /.'  =  hF(V)^(p) 

We  may  safely  assume  Eor  /■'(/')  the  very  general  ex- 
pression 
(•20)      F(7)  =  a1F  +  asF*  +  a8F8+  ...   =  2anV 

'2  k- 
l'.ut   in   parabolic  motion       J"-'  =  hence  (20)  be- 


Vr« 


"'„  =  an2*k" 

We  may  assume  t  hat  the  density  of  the  medium  decreases 

as  the  distance   from  the  sun  increases,  and  that  R  de- 
creases as  p  decreases.     We  may  take  the   very    general 
ession  fulfilling  these  conditions, 

(22)  *(,,)   =  <p(r)   =  b0  +  ^+^+.  .  .   =    v£ 

From  (19),  (21)  and  (22)  we  6nd 

cn  =  60  «'„  +  6j  «'„_.,  +  62  ,,.'„_,  + 

From  the  polar  equation  of  the  parabola  we  have 


VF» 


Hence  (23)  becomes 

f                            it   =   //  2iV„  cos"  | 

(24)  J                                         25 

rt„   =    —  c„ 

Substituting  in  (18)  we  find 

J --£««..*« i 

(25)- 

~r  =   —  sto  ''  —  a.  cos"  3  £ 
dv               2/r 

d/ir                 p                                       , 

T~   =    —   KTT,  "  —  d„  Sill  £  COS"-4  £ 

dv              !/.•-                  - 

<1T            ]fd7r       pv*                . 

Since  we  have  agreed  to  suppose  that  the  density  of  the 
medium  depends  upon  the  distance  from  the  sun  alone  we 
have  the  additional  theorems  from  (18)  or  (25), 

be  si  i  ularly  decreased. 
(f)     tt  and   T  will  have  the  same  values  at  equal  distances 
before  and  after  perihelion  passage. 


Equations  (25)  are  inn Liately  integrable  and  furnish 

the  complete  solution  of  the  problem  Eor  perturbatii 
the  lust  order.  It  the  sun's  corona  acts  upon  the  comets 
which  pass  through  it  in  the  manner  assumed  in  the  deri- 
..r  the  equations  above,  it  follows  from  (<  i  and  {/) 
thai  all  the  elements  except  p  and  e  will  be  the  same  before 
the  disturbance  as  after  it.  Since  these  two  elements  are 
both  decreased,  the  orbil  will  be  changed  from  a  parabola 
to  an  ellipse.  Although  it  is  very  probable  thai  thecorona 
is  not  arranged  in  perfectly  uniform  concentric  layers  around 
the  sun,  yet  it  is  reasonable  to  believe  that  such  a  distribu- 
tion of  mass  represents  approximately  the  actual  condition 
of  things,  and  that  the  errors  introduced  by  our  assump- 
tions will  be  small  quantities  of  the  second  order. 

A  numerical  application  of  the  formulas  will  doubtless 
be  of  interest.  It  will  be  necessary  to  make  some  assump- 
tion in  regard  to  the  form  of  the  expression  for  It,  and  the 
results  we  arrive  at  must  be  regarded'  as  possessing  only 
some  degree  of  probability.  Yet  we  can  obtain  an  idea  of 
the  order  of  a  disturbance  which  the  resistance  cannot  have 
exceeded  in  the  case  of  comets  thus  far  observed.  For  this 
purpose  let  us  apply  our  formulas  to  the  orbit  of  the  great 
comet  of  1882,  which,  passing  within  300, 00<t  miles  of  the 
sun's  surface,  traversed  several  millions  of  miles  of  the 
corona. 

This  comet  was  observed  both  before  and  after  perihelion 
passage,  and  for  such  a  long  period  that  the  elements  of  its 
orbit  have  been  determined  with  a  high  degree  of  accuracy. 
Thirtyr-four*  computations  by  sixteen  different  astronomers 
have  led  to  results  showing  very  close  agreement.  Gautier 
published  two  parabolic  orbits  and  one  elliptical,  based  on 
measures  made  before  perihelion  passage.  Those  of  his 
elements  which  would  not  be  changed  by  the  action  of  a 
resisting  medium,  agree  in  a  remarkable  manner  with  the 
elliptical  elements  obtained  by  Kreutz  from  an  elaborate 
discussion  of  all  published  observations.  The  only  differ- 
ences are  that  the  perihelion  points  of  the  orbits  of  Kreutz 
are  a  little  in  advance  of  those  found  byT  Gautier.  In  all 
the  orbits  obtained  by  Kreutz  the  eccentricity  is  a  little 
less  than  unity,  but  the  variations  in  the  elements  found  by 
the  two  computers  are  so  slight  that  they  could  easily  be 
accounted  for  by  errors  of  observation,  and  we  are  not 
warranted  in  asserting  positively  that  any  of  the  elements 
have  actually  changed. 

Let  us  suppose,  however,  that  before  perihelion  passage 
the  orbit  was  strictly  a  parabola,  which  was  reduced  by  the 
action  of  the  sun's  corona  to  the  ellipse  found  by  Kreutz. 
From  the  orbits  of  Gautier  we  know  that  the  eccentricity 
before  perihelion  passage  could  not  have  surpassed  unity 
sensibly,  hence,  in  making  this  assumption  we  shall  find 
the  maximum  resistance  compatible  with  the  observations. 

*Galle,  Cometen  Bahnen,  p.  124. 
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The  disrupted  condition  of  the  inn-lens  after  perihelion 
passage,  indicates  that  the  comet  passed  through  a 
disturbance  of  some  sort,  and  remembering  the  enoi 
velocity  with  which  it  moved,  it  is  certainly  not  unthinka- 
able  that  it  may  have  arisen  from  collisions  with  material 
in  the  neighborhood  of  the  sun.  Kbkutz*  found  for  the 
eccentricity  of  the  orbit  of  the  second  of  the  different  nu- 
clei 0.9999080,  hence,  under  our  assumption  that  the  orbit 
was  al  ■  'lie,  the  variation  in  e  is,  Se  =  —0.0000920. 

In  order  to  find  the  constant  h,  of  (19),  let  us  assumi 

F(V)  =    V-     and     ^(p)  =  -.     Then  we  have 


7.= 


2hlc- 


Hi  /.-' 


this  expression  for  R  in  the  second  of  (18) 


(26) 

Substituting 
we  have 

I  \ 
fj37)  Se  = jcos*Uh-  =    -it. 920 

I  be  limits  of  the  integral  must  lie  such  that  the  in 

hall  cover  the  whole  period  during  which  the  cornel 
was  in  the  corona.  We  shall  integrate  from  —  *  to  +  r, 
which    are    the    logical    limits  after   having  assumed  that 

=   - ., ,     but  our  results  would  be  almost  exactly  the 

numerically  if  we  took  as  limits,  values  of  w  such 

thai     <•  —  10,000, miles,  beyond  which  thecoronahas 

•  ■en  observed.     Let  F represent  the  sun's  attraction, 

/.•'-' 
/■'  =  when 

i- 

units.     Then  we  have 


is    expressed    in 


- 


/(  can  easily  be  determined  numerically  from  (27)  since  all 
the  other  quantities  involved  are  known.     Finding  h,  and 
carrying  out  the  computation  in  (28)  for    /•  =  q,    or  when 
tin-  comet  i>  in  perihelion,  we  find  for  the  rati"  "t  res 
tn  attraction  at  that  point 

''       =     O.I  MM  IHJ 

From  Kreutz's  el  have  taken 

log7  =  7.8894539 

Tie'  ratio       '.      would   lime   been  a  little   larger   if  we   had 

assumed  higher  powers  of  Fandr  in  F{V)  and  $  (P). 
but  the  order  of  the  magnitude  would  have  remained  the 
sa This  has  been  verified  by  actual  computation,  and 

from  it  «e  may  conolude  that  tin-  order  of  the  ratio  would 
have  remained  the  same  if  we  had  known  the  constants 
involved  in  the  general  formula  (24  .     [t  is  understood  that 

•1 .  \  1  1  1  .  '  ■  B       •  n,  p.  1-7. 


ler  remains  the  same  we  mean  thai 
variation  will  not  be  mi 
number  invol 

The 
the  cornet's  perihelion  d 
hence  the  acceleration  due  to  the  relative  motion  1 

comet  and  corona  is.      B  =  0.0 2x800  =  one-fifth  of 

an  inch   per  second.     This  1. 

remarkable  rarity  of  the 

sun's  surface,  even  as  compai 

cleus  of  the  comet.     In  recapitulation  of  the   nieth 

obtaining  this  number,  it  may  be  said  that  it 

certain  that  the  comet  passed  through  several  millii 

miles  of  the  corona  :    tl  •he  maximum  va: 

of  the  eccentricity  that  could  have 

and  that  the  number  above  represents  the  order  of  tl 

turbance  which  cannot  have  been  exceeded. 

In  order  to  solve  the  more  delicate  problem  of  fit 
the  relative  density  of  I  and  nucleus,  let  us  sup- 

pose that  the  nucleus  is  a  solid  body  equal  in 
cylinder,  with  tl.'-  meter    and    6,000  miles   long. 

(This  is  probably  somewhere  near  the  size  of  the  nucleus 
of  the  comet.  1      Ls  this  cj 
at  the  rate  of  300  miles  per  second,  it  en 
material  to  retard  it  one-fifth  ol  an  inch  | 
i>.   we   maj    suppose   1  hat    the   imp  :   I 
corona  with  a  velocity  of  300  miles 
der  of  cometary  matter  6,000  miles  long,  an  accelera- 
one-fifth   of  an   inc 

sidering  the  impact  alone,  that  the  nucleus  of  the 
was  1,750,000  tin. 

.".on. linn  miles  from  the  sun's  surface.      This  numWt 
ject  to  very  large  error,  and  about  the  only  conclusion  that 
we  can  draw  is  that  the  corona  is  extremely  rare  at  that 
distance   from  the  sun,  or  that  it  pi  - 
different  from  those  of  ordinary  matter. 

The  resistance  seems  to  have  been   in   tl 
sively  small  that  it  might  be -supposed  that  "el 

1  "  could  be  more  potent  in  changing  the  eleiui 
the  orbit,  or  that  possibly  it  might 
sisting  medium.     The  qualitaf 

very  easily  determined.      It  will  act  in  the  direction  of  the 
radius  vector  outward,  henci 

quantity  and   M and  -V  each  zero.     Then  it  is  evident  from 
(15)  also  that,  p,  ('  and  Q  will 
decreat 

n  Will  ' 

th  the 

in  logking  ! 

upon  parabolic  oil. its.  the  "elect 
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ii  thougb  its  effects  upon  the  eli 
might  becomi 

II  the  sun  were  oblate  and  the  comet  were  moving  in  the 

plane  <>t'  its  equator,  L  would  be  a  negative  quantity  and 

\  each  zero.      v>  before,  this  would  Dot  mask  the 

of  :i  resist  ing  medium.     I  £  however,  i  b< 

ivere  unsymmetrically  situated  with  respect  to  the 


equatorial  bulge,  the  values  of  /.  and  .1/  would  ool  be  the 
saine  foi  equal  positive  and  w  oi  w,  and  a  per- 

manent change  in  <  might  be  produced.     If  this  disturbance 
were  large  and  its  exact  amount  unknown  it  might  Ii 

inclusions,  but  it  is  certainly  verj  small.     <  tther 
causes  oi  disturbance  can  be  treated  in  a  similar  manner. 


OBSERVATIONS  OF   COMET  L897  III. 

MADE     w     l  III     LICK  OBSERVATORY,    l   \  i  \  i  u-l  l  \    0]     CALIFORNIA, 

Bi    C.   D.   PERRIN1  . 


1897  Mi.  1 

amllton  M.T. 

* 

No. 

i 

-* 

a/'s  apparent 

(  omp. 

Ja 

Ah 

a 

8 

for  a 

for  8 

Oct.  24 

D       ra      s 

9     9     6 

1 

tflO  ,  9 

-2"'l7/.Hi 

+  1     2.:; 

2     3   13.04 

+78  14  56.1 

wO.168 

ttO.625 

12   15  21 

2 

-0     1.82 

_1   56.5 

1   59    12.78 

+  7s  26  25.7 

9.795 

n0.742 

13  50  36 

2 

rflO  .  8 

-1     4:49 

.+  1   15.5 

1   58  40.11 

-t-78  29  37.7 

0.097 

ttO.680 

"- 

s   17   17 

3 

dlO  .  8 

+  0  20.63 

-7  46.2 

0  34  55.30 

+81     0   19.8 

reO.l  13 

&0.728 

28 

1 1  22   1 1 

5 

rflO  .  8 

-0    17.11 

+  0  51.3 

23   II  51.29 

+81   34  34.8 

0.490 

&9.857 

29 

7    16  27 

C> 

rflO  ,  8 

-1  14.36 

-3  55.8 

23  l  l  21.33 

+  81  42   L2.9 

//9.S7  1 

&0.780 

30 

9  54  40 

7 

</10  ,  8 

-0  31.21 

—  2     8.2 

22  28  38.86 

+  si  36    5.2 

II.22D 

ttO.711 

31 

11   16  25 

8 

10,  6 

-8  52.68 

-*6  41.3 

21  43     7.07 

+  81     8    3.2 

0.456 

0.492 

Nov.  12 

7  12  11 

9 

d  8  ,  8 

+  0     8.34 

+  5  27.4 

18    17  29.14 

+69  56  16.3 

0.068 

»0.204 

15 

7  37  5S 

11 

rflO  ,  8 

+  0     1.04 

-0  21.3 

18  35  24.96 

+67     2  25.1 

0.056 

>/8.778 

Mt  an  Places  for  1897.0  of  Comparison- Stars. 

* 

Red.  to 

Red.  t" 

a 

app.  place 

8 

app.  place 

Authority 

1 

2     .-.   19.16 

+  1L78 

+78  13  30.3 

+23.5 

DM.  +78°74,  Tucker  L.O.  Meridian  Circle 

•  < 

1   59  32.83 

+  11.77 

+  78  27  58.0 

+  24.2 

DM.  +78°70        "          "          "            « 

3 

0  34    2  1.72 

+    9.90 

+  81     8     3.5 

+  32.5 

Micometer-comparison  with  ^c4 

4 

0  34  51.36 

+  1O.05 

+  si   13  31.8 

+  .",2.1 

Carrington  83 

5 

23  45  31.71 

+    0.90 

.    +81  33     8.1 

+35.4 

«          3668 

6 

23   15  30.75 

+   4.94 

+  81    15  31.4 

+  37.3 

«          3580 

i 

22  29     8.64 

+   1.43 

+  81  37  37.0 

+  36.4 

347.9 

8 

21   52     0.82 

-   1.07 

+  81  14     8.9 

+35.6 

3348 

9 

is  47  24.06 

-  3.26 

+  09  50  33.0 

+  1.-..9 

Micrometer-comparison  with  >(cl0- 

10 

18  44     .Vo- 

- 3.30 

+  09  49  2o.O 

+  15.4 

.V  (Christiania  2900+Dorpat)  AG. 

11 

ls  35  20.55 

-  2.63 

+  07     2  32.7 

+  13.7 

Micrometer-comparison  with  *12 

12 

18  36  54.36 

-   2.62 

+  67     3  29.1 

+  13.8 

Christiania  A.G.  Catal.  2881 

(J  indicates  that   J"   was  iiuM<iii'n1  .  M  it  ■<  - 1 1  >    with  tin'  micrometer. 
The  second  observation  of  Oct.  '.'4  was  obtained  from  S  measures  of 
on-anglc.  and  10  measures  of  distance. 
The  second  and  third  observations  of  Oct.  24,  and  that  of  Nov.  15, 
were  made  with  the  36-inch  refractor,  power270;  all  the  others  were 
made  with  the  12  inch  refractor,  power  of  about  150.     On  Nov.  7  I 
looked  carefully  for  the  comet  with  the  86-inch  telescope,  but  failed 
to  see  anything  of  it  owing  to  the  moonlight,  although  I  swept  over 
1    in  Declination,  and  I3m  in  R.A.  — Oct.  17;  with  the  86-inch  tele- 
scope and  power  of  520,  the  comet   showed  a  tail  over  3'  long,  and  a 
stellar  nucleus  fully  as  bright  as  12",  and  very  distinct.     A  long,  nar- 
row, central  streamer  was  to  be  seen  in  the  tail.     On  Oct.  24,  the 
tail  was  estimated  to  be  5' long.  — Oct.  27;  comet  fainter  than  on 
:  probably  some  haze  in  air.  —Oct.  28;  comet  faint,  and  not 
usation  in  head  more  distinct  than  last  night.— Oct.  29; 
comet  very  diffuse  ai  accurately,  as  there  is  no 

inied  nucleus.  Seeing  4.  —  Oct.  30:  Tail  appears  longer  than 
last  night,  and  very  straight.  Xo  well-defined  head,  and  do  nucleus. 
—  Oct.  31 :  36-inch  telescope,  power  270.     Xo  condensation  in  head, 

3f{.  Hamilton,  Cat,  189S  Zfay  13. 


no  nucleus.  Tail  5'  long,  and  is  simply  a  long,  narrow  strip  of  nebu- 
losity, about  same  width  throughout  the  entire  length.  —  Xov.  12; 
comet  very  diffuse  and  hard  to  measure.  Comet  7' or  v  long,  no 
nucleus.  -  Xov.  15;  36-inch  telescope,  power  270.  Comet  faint, 
especially  the  head.  The  most  marked  condensation  is  in  the  tail, 
about  'J'  back  of  the  relative  position  of  the  head  and  nucleus.  Three 
stars  near  the  head  of  the  comet  which  may  have  influenced  the 
measures  somewhat. 


Po 

SITIOB 

A  M.  IF 

of  Tail. 

1 

let.    17 

about  10 

P.St.T. 

209.8 

24 

14 

9 

" 

177.5 

27 

9 

4 

" 

158.5 

2S 

It 

•j- 

" 

144.4 

29 

■ 

53 

" 

132.6 

30 

9 

57 

" 

124.'.. 

31 

14 

33 

" 

10S.0 

Vov.  12 

7 

30 

70.5 

15 

i 

55 

63.0 
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OBSERVATIONS  OF   VARIABLE   STARS  — No.  7 

\',\   WM.  E.  SPERKA. 
103.     T  Andronu 
en  observations  of  this  star,  between  1897   Dec.  7 
and  1898  Feb.  6,  give  as  the  date  of  maximum  1898  .Ian.  -1. 
;    6.     The  brightness  was  9M.0  at  beginning,  an 
ling  of  the  series  of  observations. 


1623.     T  Camelopardalis. 

A  maximum  of  SM.7  is  indicated  for  1897  D<  e.  22  from  a 
series  of  fifteen  observations,  extending  from  1897  Oct.  3 
to  1898  March  '.».  The  rise  from  10"  to  9*  was  accom- 
plished by  the  end  of  October,  and  from  this  latter  date  to 
the  date  of  maximum  the  increase  was  0".3  only.  After  a 
short  lingering  following  maximum  the  fall  to  10*  was 
gradual. 

7085.     RT  Cygni. 

-  en  observations,  between  1897  Dec.  24  and  1898 
.March  29,  yield  as  the  date  of  maximum,  1898  Feb.  3,  at 
7M.2.  The  magnitudes  at  first  and  last  observations  were 
respectively  9*. 6  and  8*.6. 

6636.     V  Sagittarii. 

This  star  was  observed  thirty-two  times,  between  L897 
\  ;      19  and  Oct.  27,  with  results  as  folio 


M   VXIM k 

Obs. 

M  1X1  MA 

Obs. 

897  Aug.  28.64 

3 

1S9- 

Aug.  L9.92 

3 

Sept.  10.93 

2 

25.86 

•  < 

17. si 

3 

Sept.    2.40 

2 

Oct.    1  1.89 

3 

1  I. til 

28.89 

Oct.   25.81 

4 
5 

7124.     ,]  J 

Thirty-four    observations    of    this    star, 
Aug.  18  and  Nov.  ■'; 


between 
ive  results  as  folio- 


Maxima 

L897  Aug.  17.:;! 
29.16 
3  b.13.02 
19.63 
27.32 
12.35 
26.18 


Oct. 


Obs. 

4 
3 


Minima 
1897  A 

-     -    19.37 
0  b.    L7.04 


Obs. 
3 


to  15   11 


The  mini- 


8598.     UP 
1897  (  tat.  23  :  seven  observations,  from  1 1    57 

yield  as  the  time  of  maximum  12b  4»;m  Gr.  M.T. 

1897  (  tat.  -1  ;  eighl  observations,  from  11  52 
yield  as  the  time  of  minimum  13'1  47™  Gr.  M.T. 
mum  was  well  obs.  : 

1  897  «  tat.  25  ;  seven  observations,  from  llh  44m  to  14h50m, 
indicate  as  the  time  of  maximum  !•".    52™  Gr.  M.T. 

1897  net.  26;  sixteen  observations,  from  llh  50m  to  19h 
24m,  yield  two  maxima  and  the  intervening  minimum,  as 
follows  : 


.Maximum 
Minimum 
Maximum 


12  56  Gr.  MT. 

15   17 
17  59 


The  minimum  is  quite  flat  at  the  bottom,  so  that   the 
time  is  considerably  uncertain. 


OBSERVATIONS  OF  COMET  b  1898, 

MADE    AT   THE   OBSERVATORY    ol     VASSAR    COLLEGE, 

i;\   CAROLINE  K.  fii;\i  SS 


189$  Grei  nwich  M.T. 

* 

Xo. 
i  omp. 

i 

la 

-* 

18 

a 

apparent 

- 
for  a 

for  8 

Mar 

25 

ii     i 
21   50 

1      s 

19 

1 

11 

til          s 

+  H      -.1.71 
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21 
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3 

21    16 

5 

2 

5 

+  1'  L0.76 

-0   II'..". 
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is  56.59 

1.8 

58 

0.572 

7 

21    H» 
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3 

11 

+  1   51.14 

-1    I'M 

22 

35    15.25 

IS    | 

9  724 

8 

2111 

10 

1 

10 

-0  27.16 

-8  50.7 

.,.. 

10  23.70 

+36  13 

50.2 

12 

21     7 

53 

5 

10 

-1  31.70 

+0  41.9 

22 

59  26.63 

1  +39  33 

0.6 

h9.751 

Mean   Places  for  1898  of  Co 

nyparison- Stars. 
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app.  place 

8 

Red.  to 
app.  place 

Authority 

1 
2 

3 

1 
5 

21  10°  29*81 

22  L6   15.57 
22  33  53.91 

22  10  50.68 

23  0  58.17 

+  0951 
+0.26 
+0.20 
+0.18 

+0.16 

•  22  55   M.l 
+32     1    L9.3 
+  :;:,  22  33.3 
+36  22  45.1 
+39  32  21.9 

-5.0 
-4.7. 
1.2 
-3.2    J 

,-.  Berlin   Li               B377 
obs. 

2  obs. 



«         3  obs. 

to 
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FILAR-MICROMETER   OBSERVATIONS  OF  COMET  &  1898, 

M\,,l     ullll     nil     ]  i;  in.  II    101    \n.i:i\i.    "I     l  III:    DBTBon    0B8EBVAT0BY,    ANN    A.RBOB,    MICH., 

Bi    SIDNE1     D.   TOWNL1  5  . 
[Communicated  bj  the  Director  of  the  Observatory.] 
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•< 

8  .  6 

+  1  57.39 

-1    11.8 

21   56  35.87 

+26  50    16.7 

„'.l.f,.SN 

0.700 

31 

15  .''1  20 

3 

in  ,  6 

+  o  48.07 

+  2  56.3 

22      1  56.55 

1  28   ".i   19.8 

»i9.695 

0.681 

Lpr.    2 
6 

16    3  34 

1 

10,8 

+  u  20.59 

+  1  45.7 

22  L3  30.78 

I  30   if.  19.1 

&9.701 

0.658 

15  59  38 

5 

10,8 

-1  21.01 

+  4  54.5 

»9.720 

0.641 

l  ] 

1  l  53   19 

6 

10,8 

+  1    30.10 

-2  18.0 

22  .",1  28.29 

+38  43  26.2 

«9.742 

0.725 

15 

15  22   If, 

i 

10,8 

-0  25.25 

-0  55.8 

23  14  15.30 

+  41  .-.i)  11.8 

»9.768 

0.669 

Mean   Places  for  1S9S.0  of  Gonyparisovr Stars. 

* 

a 

lied,  to 
app  place 

8 

Bed.  i" 
app.  place 

Authority 

1 

21   36  21.22 

+0?38 

+  21   43  52.6 

-5.9 

Becker.  Berlin  A.G.  Gatal.  8343 

o 

21   54  38.1  I 

+  0.34 

+26  52  34.0 

-5.5 

Graham,  Camb.  (Engl.)  A.G.Catal.  13071 

3 

22     I     8.17 

+  0.31 

+28  46  58.7 

-5.2 

u            »          <(          a        «      13221 

4 

22  13    9.91 

+.0.28 

+30    11  38.5 

-5.1 

DM.  +30°4670.     Micr.  deter,  from  *8 

5 

22  32  33.4 

+0.21 

+34  23.6 

-4.5 

DM.  +34   1731* 

6 

22  52  58.01 

+0.18 

+38  4.-.  47.'.) 

-3.7 

:  (2  Yarn.  10387+W.  Bessel  1176) 

7 

23  1  1    10.47 

+0.14 

+41   .".1    lu.:; 

-2.7 

DM.  +41  '4748.     Micr.  deter,  from  *'.> 

8 

22  16  23.37 

+  30  47  51.6 

J  (2  Kam  1484+W.  Bessel  326) 

9 

23  14  48.08 

+41  41  46.2 

Bonn  A.G.  Catal.  17665 

•  No  brighter  star  for  nearly  a  degree  in  any  direction. 


1S9S 

June  2.5 
4.5 
6.5 
8.5 
10.5 
12.5 

1  1.5 


True  ,. 

h       m       s 

3  17  27 
25  12 
33  43 
41  29 
19     1 

3  56  18 

4  3  21 


EPHEMERIS  OF   COMET  b  1898, 

By  C.  D.  PERRIXE. 
(Computed  from  Elliptic  Elements  on  p.  24,  for  Greenwich  Midnight.) 
True  8 


+  56  17. '.i 

17.8 

16.3 

13.6 

9.8 

5.3 

+  5G     0.0 


log  A 
0.3G38 

0.3738 

0.3S33 

0.3922 


Br. 
0.21 

0.19 

0.18 
0.16 


1S9S 

June  16.5 
18.5 
20.5 
22.5 
24.5 
26.5 


True  a 

4"  id"  Ii" 
16  17 
23  11 
'".1  22 
35  21 

4  41     7 


True  8 

+55  53.7 
46.9 
39.6 
31.8 
23.8 

+  55   15.4 


log  A 

0.4005 
0.4083 
0.4154 


Br. 

0.15 
0.14 
0.13 


Unit  of  brightness  is  that  at  discovery. 
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SECULAE    PERTURBATIONS  OF    VENU8    FROM    THE    ACTION   OF    8ATUBN 

By  ERIC   DOOLITTLE. 


The  elements  employed  in  the  following  computation  are. 
from  Dr.  <i.  W.  11  n.i.'s  "Ni  w  Theory  ofJupitt  rand  Saturn," 
pp.  l'.i.  192,  554  and  558. 


IT  = 

a  = 

e  = 

logrt  = 

//(  == 


Venus. 

L29  27    12.83 
:;  23  35.01 
75  19 

0.006  84:;  ii 
9.8593378 


a'  = 


lORfl'    = 


Saturn. 

■-     90°    6   11*37 
2  29  40.19 
112  20   19.05 
0.05606025 
0.9794956 


.'  = j. 


SJlTT.ff 


Epoch  1850.0  G.M.T. 

The  orbit  of  Venus  was  divided  into  twelve  parts  with 
regard  to  the  eccentric  anomaly.  An  examination  of  the 
final  sums  renders  it  evident  that  a  division  into  six  parts 
would  have  been  entirely  sufficient,  since,  in  th 

greati-i  ment  occurs  in  the  computation  of 

of  which  the  value  computed  from  the  six  eve 

division  differs   from   thai    obtained    from    the    remaining 

points,  b\  0".000000015.     The  employment  of  the  larger 


number  of  divisions  guards  against  very  \ 

tiiM   pari   oi  the  computation  (except  in  the  case  of  e,  and 

the  functions  immediately  dependent  upon  it  i.  and 

may  be  regarded  as  furnishing  two  different  determi: 

of  the  differential  coefficients,  which  are  to  a  certain  extent 

independent. 

The  work  has  been  carried  twice  through  from  ;'. 
ginning  at  different  times,   and    the   usual   test  erp 
have  been  applied.     The  logarithms  o  this 

and  the  previous  computations,  were  also  tested  i ;.  : 
2t  and  1',  for  the  denominator  of  sin0,  which  i- 
lus  of  the  elliptic  integrals  used  in  the  computation. 

The  constants  of  the  orbit  and  the  auxiliary  fun   I 
are  as  follows  : 


I  =       2 

3  12.046 

log  k 

• 

//  =   281 

7  33.71 

log  k' 

1999375 

//'  =   241 

13  52.16 

=  />9.4563013 

K  =     39 

24  36.81 

e 

• 

X'  =     39 

22  46.29 

E 

log  r 

V 

£ 

A 

;/ 

/. 

(1 

9.8563557 

0 

n     0.00 

22 

39  58.58 

92.09886822 

1.051 

5.386574 

- 

30 

9.8567564 

30 

11    17. s: 

to 

35   L5.14 

91.77434432 

0.9939889 

11.773870 

r05340 

60 

9.8578493 

60 

20  24.50 

59 

is   19.04 

91.37861335 

6445 

L3.090030 

[   5178 

90 

9.8593378 

•.in 

l'.".  31.50 

82 

36    19.62 

91.01772022 

0.7274070 

8.01  1522 

90.704527 

L20 

9.8608213 

120 

20  20.31 

120 

8    11. on 

90.78837022 

0.4425459 

1.641279 

90.704015 

160 

9.8619040 

L50 

11    13.65 

213 

32     1.64 

90.75201302 

0.3193695 

0.37    ■ 

14174 

180 

9.8622996 

L80 

(i     0.00 

266 

34     8.16 

90.91838168 

0.6442287 

055 

S   - 

210 

9.8619040 

209 

is  16.35 

292 

10   1  1.16 

91.24289335 

0.8446971 

11.994380 

90  71 

240 

9.8608213 

239 

39  39.69 

312 

12   16.62 

91  63859982 

0.9645273 

13.322  185 

90  705222 

270 

9.859  3378 

269 

36  28.50 

330 

26    19  72 

91.999  18069 

l  0356208 

630 

90.7 

300 

9.857  8493 

299 

:;'.!  35.50 

347 

58     2.26 

92.22884301 

1.071  1060 

L.724250 

(4026 

330 

9.8567564 

329 

48  12.13 

5 

15  37.87 

92.26522467 

1.0762066 

0.341  133 

544.22* 

2, 

9 1559965 

900 

0     0.00 

1 1 29 

21  56.26 

549.051  67630 

10.700673 

y 

9  L559964 

1080 

0     0.00 

964 

36  48.15 

549.051 67637 

4.997 

10  71 

544  -  -  • 

12 
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N     138 


E 

;                      G 

G* 

0 

' 

log  2' 

log? 

0° 
30 

<\<> 
'.in 
120 
150 
L80 
210 
210 
270 
300 
330 

t  L.108078 

+0.783048 

187  177 

1  0.027235 

0.20J  603 

0.238118 

-0.071'  123 

+0.251567 

'  0.647  120 

t- 1.008  976 

(  L.238859 

+  1.275102 

90.704  1702 
90.7038960 
90.7035801 
90.7035526 
90.7038159 
on. Till  1279 
on. :n|  1766 
90.7039071 
90.7035910 
'.1(1.70:;;,  in:, 
90.7038135 
'.111.70  1  1229 

1.1599384 
0.9248448 
0.621  3419 
0.311  6929 
0.0673334 
0.016  1527 
0.2137666 
0.51  L5373 
0.8267173 
L.0926849 
L.2542286 
1.2780897 

0.051  1977 
0.1403539 
0.2322660 
0.283  1826 
0.2687363 
0.254  5245 

ILL'S.-,  51  70 

0.2585083 
0.177  6657 
0.0827021 
0.0151565 
0.OO29452 

l  200 
0  11'  50.177 

5  :;:;  35.601 
l  38  20.618 
;;  i".t     1.172 
;;    7  13.816 
l  1 1  53.293 
;,  ir,  l  t.963 

6  1'      I.' 151 

6  32    n5;;;; 
6  17  36.301 

6  io  ;;o.ii5 

137971     0.27883659 

0.00384  166    0.278  L2417 
o.no:;<i7.';77    0.27709752 
0.00213852    0.27585161 
0.001  20578    0.274  noser, 
0.00097200    0.27429705 
i i.i ii U  79285    0.27539102 
0.00277061     0.27669370 
0.00362228    0.27782805 
0.004  24801     0.27866126 
0.00459381     0.27912172 
0.00463699    0.27917912 

0.18265468 
0.181  85352 
0.18069890 
0.17929758 
0.17789947 
0.17754895 
0.17877951 
ii. lso  ii  i::; 
o.l si  52050 
0.182  157.',:; 
0.18297533 
0.18303987 

V 

+3.107808 

+  3.107  809 

544.22.:  1  163 
544.2231470 

4.1433262      L.0305401     32  4514.918    0.01866826     L.66288356     1.08452839 
4.1353023      1.022 51 06     32  37  19.522    0.01861079     1.66280691  |  1.08444218 

E 

I,,,  \ 

!ogP 

logQ 

log  V 

J\ 

Jt 

J3                      F2 

0° 
30 
60 

'.Ml 
120 

L50 

180 
210 

lli) 
170 
300 
330 

6.6396204 
6.6392492 
6.6400076 
6.641  6827 
6.6438207 
6.6458518 
6.6472415 
6.6476234 
6.6468912 
6.6452313 
6.6430830 
6.6410259 

3.002  7123 
3.0007786 
2.9996349 
2.9995754 
3.000  6087 
3.002  1609 
3.0046480 
3.0065929 
:;.oo7  77or, 
3.0078524 
3.0068083 
3.004  9227 

t.864  1028 
4.8628053 
L8619713 

L.S62 9 

t.8628099 
4.8645567 
L8670287 

L869 >0 

t.8699373 
1.8696687 
L8683601 
t.8664247 

L8640969 
4.8619670 
t.860  5842 
1.8603076 
1.861  2040 
1.8630356 
1.8653231 
t.867  1620 
1.8688763 
t.8691748 
L8682695 
4.8664070 

90.642  62161 
90.77821079 
90.92403274 
90.982  37184 
90.921  21232 
90.85355551 
90.876  94181 
90.895  57561 
90.868  58755 
90.782  10177 
90.66900008 
90.602  46403 

+0.26581387 
+0.417  97337 

+  0.414  si  156 
+0.27423234 
+0.076  19557 
-0.10022240 
-0.22507782 
-0.30595380 
■  0.34689500 
-0.321  68268 
-0.1'.l5il7ln 
+  0.025  57719 

-3.1529304    -22.089684 

-  2.4126056    -32.658241 

-l.oK',7115   -34.435270 
+0.6607234    -26.944615 
+  1.170  2:130   -12.193388 
+  3.1073439   +  5.865829 
+3.2209585   +22.394088 
+2.4806343   +32.962649 
+1.084  7396   +34.739680 
-0.5926962   +27.249019 

-  2.1022048   +12. 107  702 
-3.0393154  1-   5.561423 

V 

—  1 

9.860664  1 
9.S60  0643 

8.022182S     9.1 '.U  5101 
8.0221829    9.1944623 

9.1883540      544.90239611*      -0.01007622    +0.2040844    +  0.913218 
9.1883540     544.89437255*    |  —0.01007598  |  +0.2040844    +0.913218 

►When  the  term  in  G"  is  removed,  the  sums  are  as  follows:    543.S71S5601        543.S71S5o'00. 


E 

F3 

Bo 

So 

11", 

a 

-  sin  E  /.' 
a 

0° 
30 
60 
90 

lm 
1 51 1 
180 
210 
240 
270 
300 
C30 

-0.15178108 
-0.76855930 
—1.16657105 
-0.94659087 
0.32871848 
+  0.067  75170 
-0.15599309 
-0.77884429 
-1.18017310 
-0.95986467 
-0.33810816 
+0.064  76239 

0.000  218  24S49 
0.00021811010 
0.00021852784 
0.00021909707 

u.i  mii  m  0  63056 
0.00022023472 
o.i  mm  (111  03492 

10221  86276 

0.00022225231 

0. 11180036 

0.00022057741 
0.00011916657 

-0.000000278  9044 
-0.000  OOO  229  OSOS 
-0.0000004315220 
-0.0000007037836 
-0.0000006653491 
-0.0000001  112236 
+0.0000006128516 
+  0.0000010918347 
+0.0000009717617 
+0.000000394  1793 
-0.0000001719598 
-0.000000  374  437S 

-0.000023072725 
-0.000017  634117 
-0.000007491896 
+0.000004695343 
+  0.000  015  732681 
+  0.000022675  117 
+0.000  023605  L69 
+0.000018202966 
+  0.000007  900358 
-0.000004483114 
-0.000015556236 
-0.000  022338577 

—0.0000003882394 
—0.0000003198543 

0. M  M)0  50S  0233 

-0.0000009720742 
-0.0000009167023 
—0.0000001940900 
+0.00000084 1  5031 
+0.000001  5005585 
+0.0000013388702 
+0.0000005453639 
-0.0000002385490 
-0.000  000  52o  7429 

+  0.OOOOI 1 

+0.00015166640 
+0.00026253554 
+0.00030289965 
+0.00026206084 
+0.0OO151  33936 

— 0. m 100 

—0.000  152  15807 
-0.00026518905 
-0.000306  63694 
-0.000264  99777 
-0.000152  40100 

— \ 

-3.32134496 
-3.32134495 

0.001-320  27153f 

0.001 320  27158t 

+  0.0000000368780  +0.000001 117351  +0.000  000  03S  2593 
+  0.000  0000368792  +0.000001 117928  +0.000  000  038  2610 

-0.00000559044 
-0.000  005  59070 

Upon  adding  the  corresponding  logarithms,  there  is  obtained:     S. 05501910        S. 05501915. 
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E 

+  S,  (COS  B+COS  E  i 

— Ro cos  v 
+  S  (^  sec2  v+1  \  sin  v 

II'  cosu 

II ".   MI1U 

-2a"*« 

0 

-0.0000005578] 

0. I'lSl'lS-IO 

u. 013519262 

-0.1 018697064 

-0.1 13351010 

30 

+  0.00010930468 

-0.00018874  117 

-ii. in H  743111 

-0.0 17547753 

0  13363510 

GO 

I  0.000  18946670 

L08  88722 

+0.000003  103342 

-0.001 1818927 

-  0. 13556030 

90 

+0.00021909678 

+0. 9174 

+0. 12725094 

_0.000  13819414 

120 

+0.00019022138 

+  0.00010978821 

0.000015659  1  12 

+ 001516257 

00  14076418 

150 

+0.00010971092 

+0.00019096268 

-   0. 20662231 

0. 009340619 

-0.1 14307990 

180 

-O.Odi  huh  22570 

+0.00022103492 

0. 13831  594 

-0.000019129016 

-0.0004451 

210 

-0.00011216824 

+0. 19142744 

-0.01 1  923256 

-ii. 1018101079 

00  14635520 

240 

-0.00019279204 

+0.00011058265 

1  0.000003187081 

—0.000007228982 

-0.00044602556 

270 

-0.00022179790 

+0.< 00072885 

-0.00*. 3614847 

+0.00 2651  640 

0. 14360072 

300 

-0.00019184805 

-0.00010885437 

-0.000015  164964 

+0.1 i  1 

13964535 

330 

-0.00011088191 

-0.000 189  (CI  hi' 

-0.000020417779 

9062352 

-0.000  13573540 

^i 

-0.000  00673552 

+  0.0( »5  H570 

-0.000052184839 

-0.000048675063 

-0.00264060044 

-£• 

-0  00000(5  73567 

+0.00000541552 

-0  000052184849 

-0.000  048  675  069 

-0.0". 

The  equation,  sin  q  .  ±  Af  +  cos  1  ■  BqM  =  ^>  *s  f°un(l 
to  give  the  residual      +0".000  000000  00029. 

If  m1  is  left  indefinite,  the  resulting  values  of  the  differ- 
ential coefficients  are  the  following: 


\jtlr 


-  2.3648522  m' 
+  277.35124  m' 
+277.85744       mf 

-  18.322835    m' 


^P-l  =   -288.76199      m' 

'dLl 


-927.63054      m> 


log  coeff. 
w0.3738010 

^2.4430301 

p2.4438220 

»1.2629927 

&2.4605400 

2 9673751 


If  we  adojit  the  mass  given  above  for  Saturn, 
(,„•  =  1-f- 3501.6), 
the  following  values  finally  result: 

The  Flower  Observatory,  1  SOS  June  1. 


675;;r,:;:is 


+0.079207000 


l_'*\L 

[m  =. 


-0.005232  7048 


+0.079351564 


.26491624 


dt  Joo 

,,, 

The  values  obtained    by   LeVeerier  are   found   i 
Annates  de  VObsereutoirr  de  Paris,  Tome  II,  chapter  7 
Tome  VI,  page  6.     Those  of  New<  omb  are  stated  ■•• 
336  and  376  of  his  "Seen/or  Variations  of  tin 
Planets."     Upon  reducing  the  results  of  LeVebkikb  to  the 
above  value  of  m',  the  three  series  of  values  compare  as 
follows  : 


r  de  1 


Results  of 

LeVkbbu b 


-0.00067 


Results  ol 

Nf.wi  OMB 


0. ■: 


Mrihoil  of 

— o. 


+0.00055       +0.00054       +0.00054202 


=   -0.00523       -0.00523       -0.00523270 


L  *  1 


0.00489  0.00488       -0.0 


191624 


NOTES  ON  VARIABLE   STARS,  — No.  24, 


Bl     IIKNI.Y    M 
77'.il'  SSCi/i/iii.      l'.y  means  of   the  extended  list  of  COm- 

pari  ■  ni-stars  appended,  several  independent  comparisons 
may  l>e  made  cm  the  same  evening.  The  most  accurate 
determination  of  the  period  ma]  be  derived  from  the  time 
of  ascent,  using  this  term    to  bj    with  the 

mean  of  FT  and  1  IF,  at  which  time  it  is  rising  at  the  rate 


PARKHURST. 

magnitudes  per  day.  adding  2. on  days  t 
tit.  although  in  t he  "long"  maxima  (A.J.  434),  the 
apparent  maximum  may  be  one  or  two  days  later. 
(857 !       '  For  four  su 

variable  photometrically  i  A.J.  346,  ;;77.  400).     That  it 
lias  not  yel  been  confirmed  appears  to  be  duo  either  to  the 
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.    oi  suitable  i iparison-stars   in  convenient   prox- 

ional  irregularity, 
i    mined,     At  the  pi 

38,  M.  13,57  and  59,  the  maximum  appears  to  ha\ 

aboul  two  days  earlier;  bul  the  observations  were 
Bo  interrupted  by  clouds  thai  the  times  could  nol  be 
determined.  Arbitrarily  rejecting  the  observation  oi  3269, 
ently  disposes  of  the  abnormal  correction  at  thai 
maximum.  It  is  now  possible  to  verifj  the  period  by  the 
earlj  observations;  from  which,  combined  with  the  obser- 
vations of  the  present  year,  1  deduce  the  elements:  3213.00+ 


17.11  E;  for  which  the  maxima  heretofore  published  Bhow 
tlic  following  corrections : 


E 

1  19 
65 

17 

II 

+   2 

:; 

1  I 

15 

+  16 


I  ! p. 

0618.91 
2081.35 
2394.73 
3213.00 
3247.82 
3265.23 
3456.73 
3474.14 
3491.55 


Corr. 
-2.9 

L.3 
-U.7 
-1.4 
•  0  l 
+  3.4 
+0.3 
+  ii,l 

0.0 


E 

+  17 
is 
111 
20 
21 
22 
23 
24 

+37 


i  !omp. 

i  in i 

w 

3508.96 

+  0,1 

5 

3526.37 

-0.3 

r. 

3543.78 

+  11.I 

•  i 

3561.19 

+0.2 

:; 

3578.60 

-0.0 

:: 

3596.01 

—0.2 

1 

3613.42 

+  0.1 

2 

3630.83 

o.o 

1 

3857.16 

0.6 

•  i 

EtESl   I  I  S    "1     '  >BSERVA1  [ON8. 

- 

Observed  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

W 

Mag. 

Factors 

Remarks 

513 

//  Piscium 

.Max. 

4295 

18517-08 

Jan.     5 

33 

+  17 

9 

0.1  It 

0.93 

1.27 

23 

717. 

S  Arietis 

Max. 

1218 

Oct.  20 

32 

+    1 

9 

L0.59 

0.24 

o.ll 

11 

Compared  with  two  asteroids 

782 

R  Ar'n  /is 

Max. 

1236 

Nov.    7 

61 

+   8 

7i» 

8.55 

0.7,2 

o.so 

20 

806 

„  ( 'eti 

Max. 

11' IS 

Nov.  19 

34 

+  10 

9 

3.20 

0.69 

0.71 

43 

« 

.. 

Max. 

11'  .V, 

Nov.  IV, 

34 

+  17 

Or 

:;.ll 

0.64 

0.77, 

10 

845 

R  Ceti 

Max. 

1227 

Oct.     l".l 

67 

+  10 

5i> 

7,s 

- 

- 

- 

(857) 

Ceti 

Max. 

1205.36 

( tot.     7 

.">7 

- 

E 

8.6 

- 

- 

- 

Interrupted 

« 

Max. 

4240.1, S 

Nov.  11 

59 

- 

E 

8.6 

- 

- 

- 

" 

.. 

.. 

Max. 

4275.9 

Dec.    16 

61 

+  0.9 

8 

s.71 

0.16 

0.19 

7 

See  note  above 

.. 

a 

Max. 

1291.4 

Jan.       1 

62 

-1.0 

5 

sj\r, 

- 

- 

- 

" 

893 

U  Ceti 

Ma   . 

1231 

Nov.    2 

20 

_    7 

4 

7.5 

0.6 

0.0 

25 

« 

« 

Max. 

ii:;  7 

N.,v.     S 

20 

-   1 

Op 

0.9 

- 

- 

- 

'.IOC, 

R  Trianguli 

Max. 

4311 

•Ian.   21 

10 

0 

o 

5.13 

0.97 

0.83 

83 

Proportionate  factors 

1113 

/'  J  riff  is 

Max. 

1260 

Dec,     1 

5 

+40 

5 

0.24 

- 

- 

- 

—16,  by  elements  A.J.  403 

nor, 

X  Ceti 

Min. 

4218 

(let.     20 

_ 

- 

o 

12] 

- 

- 

- 

(« 

.. 

Max. 

4321 

Jan.  :;i 

_ 

_ 

9 

0.10 

0.45 

0.35 

18 

Period  probably  178  days 

u 

« 

Max. 

4320 

•Tan.   30 

_ 

_ 

5p 

9.40 

0.45 

o.:;7, 

IS 

Reducing  with  same  constants 

1357 

V  Eridani 

Max. 

4268  : 

Dec.  — 

- 

_ 

1 

- 

- 

- 

- 

1386 

'/'  Eridani 

Max. 

4333 

Feb.   12 

12 

-13 

8 

8.46 

o.r,7, 

o.ls 

19 

17,77 

R  Tauri 

Max. 

4272 

Dec.  13 

10 

+  10 

0 

9.39 

- 

- 

- 

Correction  unchanged 

« 

.. 

Max. 

4248 

Nov.  19 

10 

-14 

8p 

0.2 

- 

- 

- 

Highest  point  on  Dec.  11 

1582 

S  Tauri 

.Max. 

4313 

Jan.  23 

37 

-30 

9p 

9.7 

1.0 

1.0 

07 

Confirms  corr.  of  last  year 

1717 

V  Tauri 

Max. 

4241 

Nov.  12 

54 

+   0 

5 

9.85 

(1.17, 

0.85 

38 

.. 

ii 

Max. 

4212 

Nov.  13 

•VI 

+   7 

8p 

10.11 

0.50 

0.69 

31 

U 

.. 

Min. 

4323 

Feb.     2 

55 

0 

6 

13.6 

1.1 

1.2 

12 

Interpolation  of  95d  by  factors 

1761 

R  Orion  is 

Mm. 

2925: 

April  — 

38 

+  33 

1 

ll'.o] 

- 

- 

- 

1894 

ii 

ti 

Min. 

3276 : 

Mar.  — 

30 

+  4 

1 

12.2] 

- 

- 

- 

1S95 

a 

« 

Max. 

3866 

Nov.    2 

40 

0 

•  > 

10.5 

- 

- 

- 

L896 

ii 

it 

Max. 

1230 

Nov.    1 

41 

-10 

2p 

10.5 

- 

- 

- 

IS!  1? 

L803 

f  Leporis 

Max. 

4223 

Oct.     1'.". 

8 

- 

E 

- 

- 

- 

- 

Diminishing  in  the  winter 

2013 

U  A  urigae 

Max. 

4192 

Sept.  24 

6 

- 

E 

- 

- 

- 

- 

2100 

/'  Orion  is 

Max. 

1377 

Mar.  28 

12 

0 

6p 

0.1 

0.7 

0.7 

23 

[min.  midway 

2266 

V  Mon< 

Min. 

4334 

Feb.  13 

17 

+  3 

2 

■  - 

- 

- 

- 

Assuming  equal  factors  and 

Individual  Observations. 
Including  Observations  by  Arthur  C.  Perrv. 


513  ii'  Piscium. 

513  R  Piscium.— 

-Cont. 

513  R  Piscium.  - 

-Cont. 

,  15  ,s'  Arietis. 

715  S  Arietis.  —  Cont. 

(Continued  froi 

Julian     Calendar 

Mas. 

(Continued  from  100.) 

Julian     Calendar      Mag. 

Julian     Calendar      Mag. 

Julian     Calendar 

Mag. 

4293.5  Jan.     3 

S.S1\ 

Julian     Calendar     Mag. 

18»7 

4214.5  Oct.    10    10.84, 

4214.5   Oct.     10    11.2 

4272.5  Dec.    13 

9.30s 

4207.5                 7 

9.2S.. 

4108.0   An-    31    12.0]p 

4214.6             10    10.90, 

1215.6             17    10.70, 

4278.6             19 

9.53., 

4303.5             13 

9.11 

4172.7  Sept.    4    13.0] 

1215.5              17    10.70, 

4228.5             30    11.21, 

4284.5             25 

9.:',9., 

4316.5             26 

9.38, 

4197.0             29    10.93 

1215.5              17    ll.lp 

127,0.0  N,,v.   27    10.39, 

4285.5             26 

9.13„ 

4325.5  Feb.      4 

o.r,2 

4200.5  Oct.      2   10.97„ 

4216.5             18    10.43, 

4271.5  Dec.    12 

4287.5            28 

9.31„ 

1327.5              6 

9.51, 

4213.5             15    11.05, 

4224.0              20    10.07 
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715  S  Arietis. — Cont. 

Julian     Calendar       Mag. 

1897 

1228.5  Oct.    30    11.1'.'., 

4231.6  Nov.     '_'    11.14 


782  R  Arietis. 

(Continued  from  400.) 

1  -'.'7 

4224.6  Oct.    26 

9.0P 

4228,7            30 

8.8p 

4232.6  Nov.     3 

8.5p 

4246.6            17 

8.6p 

41'.-.  2. 7              1'.". 

8.8f 

4258.7             29 

9.4p 

4270.5  Dec    11 

9.9p 

806  o  Ceti. 

(Cont  from  400.  Comp.S 


U93.6 
4200.7 
4213.6 
4224.6 
1228.6 
4228.7 
4232.6 
1246.6 
4252.6 
4253.6 
4253.6 
4256.5 
1256.5 
1258.7 
4265.5 
1268.5 
4270.5 
4270.5 
1271.5 
1278.5 
1289.6 

1306.5 


Sept.  25 
Oct.  2 
15 
26 
30 
30 
Nov.  3 
17 
23 
24 
24 
27 
27 

29 

Dec.  I! 
9 
11 
11 
12 
19 

Dec.    30 

1886 

Jan.    16 


7.1 

6.77, 
6.11, 

4.r>i' 
•">.7A. 
4.4p" 
3.8  p 
3.4p 
3.1p 
1.09, 
3.1p 
3.432 
3.1p 
3.1  p 
3.46 
3.99, 
4.17, 
3.5p 
3.5p 
3.8p 
4.1 1- 

4.9p 


S45  R  Ceti. 

(Continued  from  400.) 


4224.6  Oct. 

4228.7 

4232.6  Nm. 

4246.6 

4252.6 

1258.7 

1270.5  Dec 


8.0r 
7.8p 
8.0p 
9.0p 
8.9p 
9.9p 
U.Op 


(857) 
Julian 

1270.5 
1271.6 
1272.5 
4274.6 
4277.5 
1278.5 
4281.6 
1282.5 
4283.5 
4284.5 
1285.5 
1286.5 
4287.5 
il'N'.ij; 

4291.5 
4292.5 


—  ( 'eti.  —  Cont. 
Calendar      Mag. 


Dec.     11 

12 
13 
15 
18 
19 


9.69s 
9.83 
9.23 
9.06 
8.77, 
9.34 


22  9.  is- 

23  9.16 


24 


26 


28 
30 


111  L6  Oct. 

L224.7 

4228.6 

4228.7 

4232.6  Nov. 

4232.6 

4239.6 

1246.6 

4252.6 

1258.7 

1278.5   Dec 


(857)  -Ceti. 

1  ..in  from  100  1  .uii),  8tars877) 

1807 

4200.6  Oct.      2  9.764 

4201.6  3  9.98 

1202.6  4  9.61. 

4203.6  r.  9.16 

1204.6  6  8.6; 

1232.5  Nov.     3  9.88, 

1233.5  I  9.43, 

4238.6  9  8.6; 
1239.5  L0  9.02,; 


9.43 
9.59 
9.80 
9.51 

9.42 
9.27., 

8.66s 

8.88" 


893  V  Ceti. 

Cont.from400.Comp.Stars346) 


8.17 

T.li 

7.74, 

7.1p 

7.1s. 

7.1p 

7  99, 

7.6p 

7.4p 

7.6p 

8.8p 


L166  X  C.eti.-Cont. 

Julian  Calendar      Mag. 

1270.5  Dec."  11  L0.6p 

1271.5  12  L0.22s 

1272.5  L3  L0.76s 

1278.5  19  1(1.71" 

1278.6  19  Hi. 7c" 

4285.5  2d  L1.36, 

1289.6  30  10.79! 


1577  /.'  Tauri. -Cont. 
Mag. 


Julian     Calendar 

4253.6  Nov. 
1256.6 
1258.7 
1270.5  Dec. 

IL'7h..-, 


L293.5  Jan. 

1297  .-» 

1306.5 

1306.6 

4307.5 

4314.5 

4320.5 

4325.5  Feb. 

4327.5 

4329.5 

1331.5 

i:;:;.",..-, 

1345.5 

4345.5 

135 1.5 

1358.5 


;;   10.78, 

7   m. .-,7. 

16   1<  i.3 

9.9p 

10.11, 

9.87 


1271.5 

11'  7 '.'..-. 
1278.5 
1285.5 
4290.6 


9.3p 
9.69. 
9.5p 

•.mi; 

'.Mr 
9.7p 
9.32 

IO.Ip 
9.80 

10.8p 


1761  R 

Julian 

2925 

29 1 1 


Calendar 
Apr.      (> 


8.96s 
9.52, 
9.58 


M.-h. 


s  10.06, 

in  in. in, 

11'  10.5p 

1'4  10.58, 

1M  10.3p 

5  10.85, 

'J  ln.l'i- 


L357  V  Eridani. 

1890 

3897.6  Dec.      :;    11.2] 


1898 

1306.5  -luii.    16  Hi.si- 
L582  S  Tauri 

18(1 

1253.7   Nov.  24  U.2p 

1258.7  29  11.7p 

1270.5  Dec.   11  10.7  e 

1278.6  19  11.8p 
1290.6            30  L0.5P 

1898 

1306.5  Jan.    16  IO.Ip 

4333.6  Feb.  12  IO.op 
1345.6  21  H.3p 
1358.5  Mch.     '.i  11.5p 

1363.5  14  11. Si- 

4374.6  25  ll.2> 


3213.6 

•Ian. 

19 

3216.6 

22 

3236.5 

Feb. 

11 

3242.6 

17 

3248.5 

23 

3267.5 

Mch. 

1  l 

3276.5 

3294.5 

Apr. 

10 

906  A'  Triangvli. 

i  ontlnued  from  877.) 
1897 

4271.5  Dec.    12     6.8p 

434.-...-.   Feb"  21      6.8 

1354.5  Mar.     5     7.8 

1113  V Arietis. 

Cout.1 I".:  i ! p  SI 

H93.6  Sept  25  1  L.6] 

1200.6  Oct.      2  11.6] 
4214.6  16  L0.8] 
1228.6  30  10.4 
4256.5  Nov.  27     8.90, 

1270.5  Dec.    11      9.52, 

4271.6  12  9.12, 
1278.6  19  9.62 
1285.5            26     9.17. 

1808 

5     9.96, 


3935.6  Jan. 
3956.5 
3975.5  Feb. 
1282.5  Dec. 
1285.5 
1286.5 


12.0] 

11.5 

10.4 

10.4 
10.8 

11.::;; 


1295. 


1  L66  A  Ceti. 

I  ontlnued  fi 108 


H93.6 
1200.6 
111  1.6 
1228.6 
1247.5 
1253.6 
1258.7 


Sept.  25 
Oct.      2 

ir, 
30 

Nov.    IS 

24 
29 


11.:; 
11.97, 
L1.6 
L1.6 

1  1.0 

II. .M'. 

L1.3P 


4330.5  Feb.      '.»    1  1 .7.  | 
1386  '/'  Eridani. 

Continued  from  ::77 
1896 

3897.6  Dec.     ::     9.7 

1897 

3935.6  .Ian.    Ki  in.:; 

3956.5  :;i  11.0] 

:;:i7:>..->  Feb.    19  t'1.0] 

4282.5  Dec.   l':;  L1.0 

1286.5  27  11.:;  I 

1898 

1331.5  Feb.    1"  8.35 

4333.5  12  8.87 

1334.5  L3  7.97. 

1335.5  14  8.79 

1338.5  17  8.70 

1347.5  26  8.43 

l.~>77  R  Tauri. 
[Continued  from  403.) 

1897 

Ill's. 7  Oct.    30  9.7c 

1232.6  Nov.  :;  9.5p 
1246.6  17  '.MY 
1252.6           2:;  9.2p 


12 

II 

9 

1  1 

25 

1717   /'  Tau 

i  ontlnued  from 


1211.7   Oct. 

Ills. 6 

I  lis.  7 

1232.6  Nov. 

t2:;2.i; 

4246.6 

1246.6 

4252.7 

1256.6 

1258.7 

1270.5     I'ee. 

1270.6 
1271.5 
1278.6 
1286.5  27 

1898 

1306.5  -Ian.    16 


1338.5  Feb. 
1345.6 

1358.5  Mch. 
1358.5 
1363.5 
1365.5 
1374.5 
1374.6 

1388.6  Apr. 


n. 

403.) 

11.3]p 
KM 
L0.6P 
L0.27, 
L0.6p 

9.93, 
IO.Op 
LO.Op 

9.94 
U.Op 
11. h- 
L1.00 
L1.5p 
lll.-.c 

1  -_'.-•• 

L3.0 
L3.0 
12.3p 
L3.0 

12.58, 

]■:.:■ 
L2.6p 
U.Op 


288  I 
2895 
291  1 


1761  A'  Orionis. 

1894 

i.  24    L1.6: 

Mch.     7    11. '.• 
I'.'.    I2.il 


3871.6 

1228.7 
1232.6 
1246.6 
IIIC. 7 
1252.7 
1258.7 
4271.5 
1171 .6 
1278.6 
1286.5 


Nov. 


Dec. 


Ma.-. 
11.1 

11.50, 

11..-,  " 

L1.93, 

12.1] 

1"..-, 
10.6 

1U..-.I- 
1 1 '..-.!■ 

10.81 

10.6p 
10.6P 

lu.7i' 
11.51, 
10.7p 
11.08 


1803  '/'  /.■ 
[Continued  fn 

1285.6  I'"     21 
1286.6  17 

1331,6  Feb.    1"    11."  : 
2013  D  .1 

(Continued  from  350.) 


I  inn.  7 
1202.6 
1203.6 

ill  ir, 

1111.7 


Oct. 


16 
23 


8.7 

-  7 

8.8 


nun 

(Continued  fro 


1345.6 

1358.5  Mi  I 

1374.6 

1388.6  Apr. 
1400.6 
1419      M   '■ 


6.8p 
6.3p 

•  MY 

6.4p 
6.8p 


2261  V   '/ 

Cont.fr 

1256.7  Ni       27 

1286  6  \^r.   27   11.1 

5  Feb.    in    U.O 
1333.6  12 

1358  :.  m, 

16    I 
1374  ''. 

1393.5  Apr.   13    10.6 


16 

Til  i:     ASTl;  ONOMICA] 

.    JOURNAL. 

N°-4 

:;s 

(  JoM 

■  UII-iiN 

Si  \i;-.  — 

ls'.i::  1897 

7  168  /"   i 

juarii 

7502  .V  Delphini. 

7  7 '.H'  SSCygni. 

7 , 

92  SS  Cygni.  —  Cont 

DM 

Mag, 

DM. 

Mag. 

n 

Star 

DM. 

Mag. 

» 

Stai 

DM.            Mag. 

n 

c 

6  560  l 

5.97 

6  1/ 

1  / 

1  L6  111  1 

7.;ti 

4 

K 

•  13  1037 

8.80 

8 

y 

•  13  1027      10.43 

3 

/' 
/■' 
/ 

;>  5410 

6  T'.i 

3  1/ 

/ 

i.i  154 

S.  11 

13 

I. 

'     11'    11'. 10 

8.82 

L6 

2 

•  13  t022      10.55 

1 

;,  5382 

7  20 

9 

\ 

+  17  1  I.M 

S.7S 

11 

X 

•  li  U95 

8  22 

l<> 

\A 

I  13  W19      10.42 

- 

7. '.17 

.,., 

FT 

+  17°ll  19 

9.99 

1  1 

r 

I  i;;  1030 

9.1  I 

8 

•1/. 

•  13  1015      L0.55 

2 

I 

9.15 

1'7 

J 

+16  His 

9.68 

2 

',' 

+43°4012 

9.47 

8 

b 

0.3*2.0/)  1  FF  10.65 

4 

\ 

6  540  1 

8.70 

L5 

/. 

L.9n  L.2//V 

10.95 

7 

s 

+  13  1029 

9.53 

■j 

'■ 

6.6«  1.7/-  /-     10.6*3 

i< 

1  \ 

5  5402 

8  10 

1  1 

i 

2.1n2.4/JV 

11.54 

1 

T 

•  i:.  1028 
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OBSERVATIONS  OF  COMET    L896  V, 

MADE   WITH    TI1K  86-INCH   TELESCOPE    OF   THE    IKK   OBSEBVATOBY, 

liv  WILLIAM  J.  HUSSEY. 




No. 

#- 

* 

b/'s  apparent 

log  /-A 

L896  7  Mt.HamiltonM.T. 

* 

( !omp. 

Aa         \ 

Ah 

a 

s 

for  a 

forS 

Oct 

■•s 

h       m       8 

7  33  i'l 

1 

11  ,  8 

+  i'i"  13.00 

-4  59.0 

19  33   10.81 

-13  42  ■■■■-.<■ 

9.470 

0.811 

.-,) 

7  34    H 

3 

8  ,  8 

+  0     6.76 

-3  30.9 

19  36  55.50 

-13  43  52.0 

9.475 

0.809 

8     8  46 

3 

8  .  8 

+  0   Ll  .36 

-3  31.7 

19  37     0.10 

-13  43  52.9 

9.546 

0.799 

1 

7  23    17 

4 

8  ,8 

+  0  L6.39 

-I)  46.1 

19  46  41.41 

-13  46  16.5 

9.453 

0.813 

7  43     6 

4 

8,8 

+  0  18.97 

-0  45.1 

19  46  43.99 

-13  46  15.5 

9.499 

0.807 

2 

7  :;i  58 

C 

8,8 

+  0   13.68 

+  3  36.3 

19  50     0.16 

-13  46  31.0 

9.482 

O.SO'J 

Dec. 

.> 

7  15     1 

7 

8,  8 

+  0  10.81 

4  2  39.9 

11    1".)  53.22 

-11  48  48.2 

9.475 

(I.M  ill 

fi 

7     5  34 

9 

4 

+  0  47.3 

-11  1G  34.3 

0.799 

7  12  23 

9 

4 

-0     1.06 

21    ll  58.21 

9.474 

7    18  58 

9 

5,  10 

+  0     4.  IS 

+  1     2.5 

21  43     3.45 

-11  16  19.1 

9.548 

0.787 

7  18     0 

11 

-0     2.54 

-0     7.3 

21  46  13.74 

-11     7  5o.7 

9.475 

0.797 

8     3  28 

11 

11  ,  5 

+  0     3.39 

+  0     9.1 

21    16   19.67 

-11     7  34.3 

9.572 

0.7S1 

4 

7    is    15 

13 

8,8 

+  0  11.20 

+  1     5.6 

23   12  37.99 

-  6     6  38.7 

9.532 

0.763 

14 

8  ,8 

+  0     4.78 

-1  40.5 

23  12  41.41 

-   6     6  26.4 

9.579 

0.757 

8     6  31 

14 

3 

-1  27.2 

-   6     6  13.1 

0.753 

9 
10 
11 
12 
13 
14 


Mean  Places  for  1896-7.0  of  Comparison- Stars. 


19  33 
19  36 
19  36 
L9  16 
19  49 
19  49 
11  29 
21  31 
21  12 
21  40 
21  46 
21  45 
23  12 
23  12 


24.68 
36.22 
15.61 
21.88 
6.58 
13.34 
39.17 
43.25 
56.00 
51.92 
13.00 
21.66 
26.53 
36.37 


Ked.  to 
app.  place 


+  3.13 
+  3.13 
+  3.13 
+  3.14 
+3.15 
+  3.14 
+  3.24 
+  3.25 
+  3.27 
+  3.26 
+  3.2S 
+  3.28 
+  0.26 
+  0.20 


13  37  37.1 
-13  33  57.4 
-13  40  24.8 

-13  45  31.7 
-13  49  20.1 
-13  50  11.8 
-11  51  40.7 
-11  55  36.1 
-11  17  7.9 
-11  17  52.3 


-11  7 
-11  7 
-67 
-64 


57.4 
44.S 
44.1 
45.7 


Keil.  to 
app.  place 


+  3. 
+  3. 
+  4. 
+  4. 
+  4. 
+  12 
+  12. 
+  13 
+  13 
+  14 
+  13 

—  0 

-  0 


Connected  with  ^2 

Harvard  Coll.  Obs'y  merid.  circle.     3 

])M.  —  13°544S.     Connected  with  *2 

Connected  with  *5 

Harvard  Coll.  Obs'y  merid.  circle. 


obs. 


3  obs. 
3  obs. 


Connected  with  >fc8 
Stone,  Kadcliffe  Catal.  5830 
Connected  with  >M0 
I  ( Yamall  9777  +  Munich,  11972) 
Connected  with  *12 
Munich!  2964S 

Vienna-v.  Kuffners  Obs.,  Zones  185,  192 
"  "  Zone  179 


All  the  measures  are  direct  micrometer  comparisons.     Professor 
Pickebixg  has  kindly  furnished  me  the  positions  of  some  of  the  coin- 

Mt.  Hamilton.  Col..  1898  il'i'j  19. 


parison-stars  from  Professor  Seaele's  observations  for  the  southern 
Cambridge  (Mass.)  A.G.  Zone. 
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OBSERVATIONS     OF    SUNSPOTS, 

HADE    4.T  THE    BOSTON    0NIVEK8IT1    OBSERVATOBT, 

By.   L.  O.  TILLSOS    \m.  P.  .1.   I!.  MANSFIELD,  Student6  r-    \  - 1  bouomy. 


W.M.T. 

Groups 

Spots  in 
Groups 

Isolated 

Spots 

Totals 

Def. 

W.M.T. 
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- 
Groups 

Total-       Def. 
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p 
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23  22 

2 

0 

21 

II 

0 

1 

2 

22 

F 

29     2 

It 

0 

0 

0 

0 

0 

0 

n 

P 

21  23 

•  > 

0 

is 

0 

0 

1 

2 

19 

P 

30     2 

0 

0 

0 

II 

0 

0 

0 

ii 

P 

27  23 

1 

0 

3 

II 

0 

0 

1 

:: 

P 

STov.   3     0 

0 

9 

0 

4 

0 

0 

2 

1 

G 
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The  letters  r,  F,  G,  E,  under  head  of  definition,  stand,  respectively, 
for] r,  fair,  good  and  excellent. 

The  total  number  of  different  groups  ob 
15  were  north  of  the  equator,  and  contained  126  spots,  while  20  were 
south,  and  contained   168  spots.    Of  isolated  spots,  only   io   were 
noted, .">  being  north  and  •",  south  of  the  equator. 

Concerning  the  spots  presenting  essentially  symmetrical  penum 
bras  when  well  upon  the  disc,  the  following  facts  were  noted  while 
they  were  close  to  the  limb.  Five  cases  were  recorded  in  which  the 
penumbra  showed  upon  the  side  awaj  from  the  limb,  and  nol  on  the 

Ide  -.i  the  limb,  while  in  eight  cases  the  penumbra  Bhowed  on  the 

Bide  next  the  limb,  and  nol  upon  the  opposite  side.  In  flvi 
cases  th'-  pi'iiuinhra  on  the  side  nexl  the  limb  was  decidedly  wider 
than  upon  the  opposite  side,  although  were  nol  entirelj  wanting.  In 
one  case  no  penumbra  was  seen  on  either  the  east  oi  the  wesl  side. 
though  present  on  the  north  and  south.  One  spot,  which  presented 
:i  symmetrical  penumbra  during  it-  entire  course  across  the  disc,  lost 
ii  upon  ill  -ides  when  close  to  the  western  lind>.  The  onlj  case  of 
an  umbra  appearing  to  project  was  that  of  a  -pot  Immediatelj  upon 

the  eastern  limh.  on  Her.  ■_">. 

Pronounced  maxima  appear  about   Dec.  11  and  Jan.  24,  in  both 


nearly  all  the  spots  being  north  of  the  equator,    other  maxima 
appeared  about  Jan.  l"'.  Feb.  10  and  March  8,  consisting  chiefly  oi 
o  tth  "i  the  equator. 
From  the  measured  latitudes  and  longitudes, 

elude  two,  it  nol  thr tases  oi  reappearance.     First,  the  exl 

northern  disturbance,  which  «  as  nearly  central  on  the  disc  D 
reappeared  In  January  greatlj  reduced  In  energy.    Secondly,  a  group 
nearlj  central  on  Jan.  24,  the  largest  member  of  which  ».i-  in  lati- 
tude -(-I  .  and  ver\  near  the  prime  meridian,  reappeared  In  February 
much  re, i need  in  extent.     Thirdly,  a  groups  hich  was  i 
to  the  eastern  limb  on  Feb.  6,  with  a  mean  latil  mgitude 

ii  ii  .  developed  inainh  upon  its  western  side.     Although  thi 

ipearance  Is  not  conclusive,  yet  the  extensive  southern  dis- 
turbance nearly  central  on  March  U.  was  immediately  adjacent  to  it. 
a  portion  of  the  area-  even  overlapping,  while  a  very  slight  remnant 

was  apparent!)  present  in  April. 

Of  the  804   different    spots  observed,   one-half  were  within  ten 
degrees  of  the  equator,  and  a  large  part  of  the  remainder  beloi 
disturbed  areas   extending   to    within  less  than   t .-ii  degn 
equator;     one  spot  was  observed  Feb.  24  exactly  on   the  equator. 
No  spot  "as  found  having  a  latitude  as  great  a-  - 
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OBSERVATIONS  OF    ASTEROIDS, 

M  \  I  •  l      \ \'I\Mll    OBSERVE  rOBT, 

Bi    EVEBETT    I.  fOWELL. 


[ncinnatl  M.T. 

* 
* 

No. 
i  omp. 

Planet— $ 

J..           |          JS 

0 

Planet'8 

Apparent 
8 

log  -V 

f.,ra           for  o 

(247)  Bukrate. 

Jan.  -1 

27 
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LO  20 

30 

in 

1 
2 

7 
8 
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7 

22  L0.35 
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16.5 
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B9.038 
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Mar.  16 

21 
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10 

in 

55 

;,ii 

33.26 
9.61 

+  2n  20 
+  21   38 

27.9 

11.:; 

»9.521 
»9.453 
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\yv.  11 

L5 
16 
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10  34 

m  o 

8   27 

1 1  25 
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16 
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6 
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8 

6 

6 
8 
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+  4 
-0 

_() 

-0 
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25.68        +1   33.0 

6.79        -0  33.2 
56.21         +2  58.0 

7.7")        +5     3.1 

13 
13 

l:; 

30 
26 

25 

•  /•» 

0.68 

27.22 
37.80 

1.2  1 

-  9     8 
8  53 

-  8  50 

-  8  35 

45.2 

ln.7 
9.5 

2.7 

n9.267 

a9.493 

n9.546 

7.027 

0.812 
0.798 
0.791 
0.81  l 

May  19 

21 
25 

M    12 
in  20 
10  11 

52 

58 

5 

9 
10 

11 

6 

8 

+1 
—1) 

+3 

(24)  Themis. 

3.33        +1   31.3 

11.36        +7  22.9 

23.08        -0  30.0 

14 

1 1 

14 

20 

19 
17 

40.26 
25.58 

8.95 

-1  1   i:; 
-14     7 
-13  57 

34.3 
12.7 
6.3 

„S  .Vil 

7.199 

8.263 

0.849 
0.849 

0.848 

Mean    T*luc<s  for  1898  of  Comparison-Stars. 


* 

a 

l;.'<l.    In 

app.  place 

.      8 

Red.  to 
app.  place 

Authority 

1 

7  22  :;:;.:; I 

+  L'.U 

+60  42  23.1 

+  2.3 

Helsingfors-Gotha  A..G.  Catal.  5104 

•• 

7   Hi     0.81 

+4.83 

+  60     7  19.3 

+   3.7 

Comp.  with  Hels.-Gotha  A.  G.  Catal.  5031 

3 

10  54  20.79 

+3.09 

+  20  18     9.7 

-15.1 

Becker,  Berlin  G.  Catal.  4151 

1 

in  7,1    19.73 

+3.09 

+  21  41     9.6 

-14.U 

Becker,  Berlin  G.  Catal.  41  12 

,    5 

l;;  25  31.93 

+3.07 

-  9     9  58.4 

-19.8 

Munich  I,  9237 

6 

i:;  26  30.90 

+3.11 

-  8  52    17.:, 

-20.0 

j  (Schjellerup  4834+ Munich  II,  4908) 

7 

i:;  26  30.90 

+3.11 

-  8  52  4  7..", 

-2<i.O 

|  (Schjellerup4834+Munich  II.  4908) 

8 

13  22     8.89 

+  3.10 

-  8  39  45.7 

-20.1 

|  (Munich  1,9186+  Munich  II.  4880) 

9 

11  19  33.52 

+3.41 

-14  14  46.5 

-19.1 

Weisse's  Bessel  14h307 

10 

11    19  33.52 

+  .",12 

-14  14  46.5 

-19.1 

Weisse's  Bessel  1  1  307 

11 

14  13  42.46 

+3.41 

-13  56  16.9 

-19.4 

Weisse's  Bessel  14192 

COMET  c  1898. 
Prof.  Kt:i  i.ti;  telegraphs  the  discovery,  photographically,  of  a  bright  comet,  by  Mr.  E.  F.  Goddington,  of  the  Lick 

The  following  positions  were  obtained  : 

1898  June  11.7220  Gr.M.T. :         a  =   16  2^453     ;     o  =    -25°  14  20 
12.7288       "  16  21  34.1     :  -25  52  43 


Hussey 
Coddington 


COMET  d  1898  =  EXCKE'S   PERIODIC   COMET, 

Prof.  Kkeutz  telegraphs  that  Encke's  comet  was  discovered  at  Mr.  John  Tebbi  it's  Observatory,  Windsor,  N.S.W.. 
position:     1898  June  11.8435  Gr.  M.T.,     a  =  6h  53m  29».0     ;     8=+ll°34'0".     From  this"  it  appears  that  the 
etion  to  the  ephemeris  in  A.J.  436,  p.  32,  is,     (»  —  ('.      !«.  =  +9B.5     ;     JS  =  +5'.2. 


CONTEXTS. 

>l  I   I       \l:    l'l   BT1   RBATIONS    OF   VENUS    FROM    TIIF.    ACTION    OF    SATUBN,    I'.Y    EKIC   DOOLITTLE. 

Notes  on  Valium  i    Stars, —  No.  24.  r.v  Henry  M.  Palkhirst. 
Observations  oi  7,  i-.y  William  J.  Hussey. 

Observations  m    Sunspots,  by  L.  O.  Tillsox  and  F.  J.  II.  Mansfield. 

DBS]  l\   S.TIONS   "i     A.STEBOIDS,    BY   EVEBETT  I.    YOWELL. 
Comet  c   1".'-. 
Comet  d   i-'.1-. 
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OBSERVATIONS  OF  DOUBLE-STARS, 

MADE    WITH    THE    26-INCH    REFBACTOK   OF   THE    I.EAXUKR    McCOBMICK    OBSERVATORY, 

By   HERBERT   R.    MORGAN. 

An  eyepiece  magnifying  1300  diameters  lias  been  used  I  give  the  number  of  independent  mi 
for  most  of  the  following  observations.     Columns  3  and  5  |   angle  and  distance  published. 
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1.91 
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2.05 

6 

L.50 

3 
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60. 


a  =  0h  42"'. 9 


8  =  +57    IS' 
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.691 
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209.9  6 

206.4  3 

208.6  3 

209.9  3 


t.93 

5. 1 1 I 


1896.687 
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2-7:;. 

u  =  0"  4!)'".G     ;  8  =  +2.T  .V 
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1896.944 


a  =  l1' 
1896.691 
.694 
.696 


19.4 


L.12 


1896.694 


0238. 
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62.9  I  10.10 
62.9        4       L0.35 
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0.56 
0.64 
0.46 


L896.952 
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2  460. 

a  =  3"'  53'".7     ;     8  =  +80    25' 
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2.13 

3 
6 
3 

331.2 
22173. 

2.19 
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1896.675 

287.4 

.-,11 


Til  E      \>Ti:  ONOMICAL    JOUE  NA  L. 
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OBSERVATIONS  OF   WINNECKE'S   PERIODIC   COMET 

MAD]      \l     1  ill      (SEBVATOKY,    UNIVERSITY    OI    1    LLIFORNIA, 

Bi    C.   D.    PERRINE. 


a  L898, 


1898  Mt.  1 
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9 
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21 
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10 
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28 
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12 

3 
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-14  25 
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12 

6 

0    1(5.71 

in  45  42.96 

9  600 

Mean   Places  for  1898  of  Comparison- Star*. 

* 

Red.  to 

8 

a 

app.  place 

app.  place 

Authority 

1 

16  33  15.02 

+0?40 

-  8  24  51.9 

-S.I 

1  (2  Rad.,  1322  +  Schj.  5883) 

■  , 

16  55  50.63 

+  H.4.-. 

-  i)  35  46  l 

-8.4 

1  (M,  13365+2  M26373+W.B.  Mo.-,, 

•  > 

17     9  57.19 

+0.48 

-10  10  54.9 

-8.2 

\  (2  Paris  21822  +  M,  13703) 

1 

17   L3  30.14 

+  0.49 

-10  27  17.2 

-8.1 
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5 

17  11   23.55 

+  n.7,n 

-Hi  33  56.5 

-8.1 

Lalande  31379 

6 

18  52  1  l.7:i 

+  0.70 

-13   12     7.7 

—  ."i.  7 

S.DM.  — 13°5165.     Micr.-comp.  with  *7 

7 

18  54  58.06 

+0.69 

-13  36  35.9 

—  5.<j 

Weisse's  liessel  1327 

8 

is  52  59.42 

f  n.7,1 

-13  41  40.1 

-5.6 

S.DM.  — 13°5167.     Micr.-comp.  with  *7 

9 

18  58  32.10 

+  0.71 

-13  55  50.0 

—  5.5 

Weisse's  Bessel  1425 

10 

l:i     9     9.13 

+  0.71 

-13  59  24.6 

-5.2 

Micrometer-comparison  with  >)ell 

11 

19     9    L5.95 

+  0.71 

-14     .".  50.2 

-5.1 

Weisse's  Bessel  158 

12 

l:i   L5  58.93 

+  0.71 

-14  22  31.3 

-3.6 

S.DM.  — 14°5575.     Micr.-comp.  with  +13 

13 

19  44  48.53 

+  0.74 

—  14  22     4.2 

-3.7 

B.B.  VI. 

XOTES. 


The  observations  of  January  20,  28  ami  l".i  were  made  with  the 
36-inch  refractor,  the  others  with  the  12-inch  refractor. —  d  in 
that  Ju  was  measured  directlj  with  the  micrometer. — lanuan  20, 
itions  made  with  36-inch  refractor.  Comet  rerj  distinct;  30" 
dia  leter.  It  show-  a  distinct  central  condensation,  and  at  times  a 
nucleus  is suspi  el  is  fully  as  bright  as  a  14"  star,     it  is 

near  a  6«.8  star,  and  is  easily  seen.     Seeing  1-2.     High  wind  sshakes 
ii  ...ns  with  12-inch  refractor. 
i  lomel  faint  and  difficult  to  measure  with  this  aperture.     Seeing  2.— 
January  28,  observations  with  36-inch  refractor.     Comet   is  30 
diameter,  and  has  a  nucleus  which  sometimes  appears  stellar  —about 


16*.  Comet  easy  to  measure.  Seeing2.  -January  29,  the  residual 
in  declination  from  an  ephemeris  indicated  an  error  in  the  place  of 
Lalande  31379.  A  rough  micrometer  comparison  of  this  star  with 
Ha,l.::  4514  on  June  2  gave  -IS  for  the  two  stars  =  2'  36".9.  The 
Catalogue  X.l'.I).  of  Lalande  ;',i:;7:>  is  Km  iiV  :V.'".S:  in  all  proba- 
bility it  should  be  10n:  25'  ■  '.:>  >.  Comet  is  as  bright  as  a  13"  or  14" 
star,  and  lias  a  decided  central  condensation.     No  stellar  point  can 

be ii.     i  ibservations  with  36-incb  refractor.  —  February  18,  obser- 

\  ations  w  ith  12-inch  refractor.  Comet  not  difficult  to  measure:  about 
1'  diameter,  with  a  central  condensation  of  lL'4M  to  13*.  Count 
somewhat  faint  towards  the  end  of  measures — possibly  some  moisture 
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on  object  glass.     Seeing  3.     The  declination  of  \V.  1327  appea  in  12-inch  telescope — fullj  as  brig 

lie  in  error  bj  2'.     The  catalogue  Jo  between  \V;  1323  and  1827  is  central  condensation.     High  north  win 

in- observed  Jo  on  June  2  was  5' 9  .4.     The  catalogui  made  in  the  dawn— 1 

— 13°42'  10 '..'.:   in  all   probability  it   should  be    —13°  44     10  5      rig  3. 

February   19,  observal                                                        iry  21,  comet  jft.  Hamilton,  Col.,  1898  June  6. 


SUISTSPOT  OBSERVATIONS, 

MADE    AT    i:i.i:wvn.    PKNNA.,    WITH    A    4^-im  h    REFRACTOR. 
K-,    A.   \V.  QtriMBT 
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21 

6 

1 

2 

1 

fair 

17 

9 

- 

•"' 

30 

:; 

fair 

23 

8 

- 

- 

- 

- 

.... 

7 

- 

1 

1 

2 

22 

10 

1 

2 

5 

l 

2  1 

9 

- 

- 

- 

- 

23 

7 

1 

1 

■■ 

23 

10 

- 

2 

10 

:; 

25 

8 

- 

- 

- 

_ 

fair 

24 

7 

1 

1 

24 

LO 

- 

2 

5 

- 

poor 

26 

•  ■ 

- 

- 

- 

poor 

25 

7 

- 

1 

1 

1 

25 

10 

- 

■  • 

3 

:; 

faii- 

•>7 

8 

- 

- 

- 

_ 

poor 

26 

7 

1 

■• 

7 

1 

faii- 

26 

Ki 

J 

l:: 

1 

fair 

29 

3 

2 

2 

10 

_ 

fa  i  r 

•>7 

. 

1 

3 

8 

1 

fair 

•-'7 

9 

1 

13 

■• 

good 

30 

8 

2 

12 

1 

poor 

28 

7 

3 

^ 

1 

28 

- 

1 

■  ■ 

12 

:: 

May     1 

. 

- 

•J 

l  i 

fair 

29 

. 

2 

1 

Mar.    1 

8 

_ 

2 

8 

i 

fair 

■< 

8 

- 

2 

l 

_ 

poor 

30 

7 

l 

■• 

2 

9 

2 

5 

poor 

I 

Ki 

1 

1 

1 

poor 

•2^-inch  refractor. 
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MEASURES  OF   THE   FIFTH    SATELLITE   OF  JUPITER, 

MA  HI.    u  I  I  II    rilK  24-INCH    REFRACTOR  01     I  ill     LOWELL  OBSERVATORY, 

r,-,   T.  J.  J.  S]  i  . 
The  following  are  a  few  measures  ol  the  Fifth  Satellite  of     time  is  seven  hours  slow  of  Greenwich,  or  what  is  known 
Jup iter  attempted  al   the  requesl   oi    Professoi    Barnard,      as  Mountain  Time. 
\    bhe  ti  lescope  during  these  hours  of  the  nighl  wa 
erally  used  by  Mr.  Douglass  in  his  work    on    the   other 
,!\  a  short  time  was  available  for  measurement 
of  the  Fifth,  which  is  always  difficult  in  an  instrument  of 
this  size.      A  screen  of  yellow  mica  was  used  to  cut  off 
the  lighl    oi  Jupiter,  and   under  a   steady  black   skj   the 

ite  appeared  quite  distinct,  and  just,  like  a  smi 
of    1  P'.'i.     However,   desultory  measures   like   these   can 
o  accurate  as  might  be  expected  in  wink  of  a 
inore  systematic  character,  and  1  have  indicated  this  uncer- 
tainty bj  the  remarks  appended  to  the  observations.     The 
Lowell  Observatory,  Flagstaff,  Arizona,  IS98  June  16. 


Measures  of  in 

S vi  ELLITE 

mi    Jupiti  i 

i 

e„ 

f>, 

ii     in 

L898  April  18  L2   19.5 

287  2 

14.10 

22  L3  10.0 

289  5 

19,03 

L3  20.0 

289.2 

53.51 

23    8  33.0 

11  1.5 

51.37  ' 

11'  47.5 

287.3 

52.54 

Notes  :    (')  lake  a  smaU  Btar,  magnitude  1 1.8;  quite  distinct,  but 

Hi ntral  wire  behind  the  screen  is  seen  with  difficulty.     (2)  and  (*) 

Fairly  ko«»I  measures,  iiia^iiiiiidc  14.5.  (')  Ai  first  quite  distinct,  but 
afterwards  rery  difficult.  [This  distance  appears  to  be  abnormally 
large.]     (6)  Fairly  well  Been,  and asures  satisfactory. 


COMET 

In  addition  to  the  observations  communicated  in  A.J.  438, 
the  following  additional  positions  obtained  at  the  Lick  <  >b- 
servatory  have  been  telegraphically  received. 


LS9SGr.  M.T.  a  6 

June  13.7583       Mi"ls"  5*0       -26  31   is 
13.7876       L6  17  58.4       -26  33    3 


( loddington 
Tucker  ($ 


Three  sets  of  elements  have  been  telegraphically  com- 
municated, as  follows  : 


Elements. 

T  =  1898  Sept.  10.31  Gr.M.T. 

=   22'.)  28  ) 
=     73  59  [  1898.0 
i  =     71  18) 

q  =   1.7685 


9, 


Ephemeris  for  Greenwich  Midnight. 

a  8  Er. 


1898  June  20.5 

24.5 

28.5 

July     2.5 


15  54  32  -30  41         1.07 

l"  20  32  59 

26  21  35     7 

15  12  .52  -37     5         1.05 


Computed  by  Messrs.  Hussev  and  Coddington  from  ob- 
servations on  June  11,  13  and  15.  They  also  send  by  mail 
the  following  particulars: 

■•This  comet  was  discovered  by  Mr.  Coddington,  June 
11,  1898,  on  a  photographic  plate  taken  by  him  with  the 
Crocker  Photographic  Telescope  on  the  evening  of  June  9, 
1898.     Owing  to  changes  that  were  being  made  in  his  dark 


C   1898. 

room  this  plate  was  nut  developed  until  June  11.     On  de- 
veloping the  plate  a  strong  trail  was  found.     The  region 

was  at  once  examined  with   the   12-inch   telescope,  and  an 
observation  of  the  comet  made  by  Professor  llrssEV.'' 

Elemj  n  is. 
T  =   1898  Sept. 8.36  (Jr.  M.T. 

a,   =  227    10 

9,  =  73  58 

i  =  71  47 

a   =  1.8003 


Ephemeris  for  Greenwich   Midnight. 


1898  June  20.5 
24.5 
28.5 

July  .  2.5 
Computed  by  Air. 
11.  12  and  13.' 


15  54  in 
40  30 
26  44 

15  13  24 


-30  -10 

32  57 

35     4 

-37     1 


Br. 

1.06 


1.04 


Crawford  from  observations  on  dune 


Elements. 
T  =   Aug.  4.44  Gr.  M.T. 


7 


206  9 
73  59 
70    is 

2.0821 


ISilS.O 


Ephemeris  foe  Greenwich  Midnight, 


u 

6 

Br. 

ll           111         s 

1898  dune  19.5 

15  58  24 

-30     2 

0.99 

23.5 

44  56 

32  16 

27.5 

31  48 

34  19 

July     1.5 

15   19   24 

-36  10 

0.89 

Computed  by  Mr. 

Berberich  from 

observations 

on  June 

11,  13  and  15. 

X°  431) 
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COMET*    L898. 


Prof.  Keeleb  has  telegraphed  tl  .  of  a  faint 

comet  by  Perrine,  on  June  1  I  ;  and  the  followii 

observed  at  the  Lick  

1898  Gr.M.T.  a  8 

June  14.9740  3  29     L0  15  25  Perrine 

15.9296 
L6.9376 

The  following 


3  29  L.O 
3  34  57.7 
3  41  11.9 


Perrine 
Perrine 


35  25 

58  -I     2 
10   19 
elements  ami  ephemeris  were  coi 
by  Messrs.  Perrine  ami  Aitken  from  the  abo 
tions : 

Elemen  I  ^. 
X  =   1898  Aug.  17.40  Gr.  M.T. 

w  =  196    16  ) 

Q,  =  260     6  U898.0 

i  =     69    l-  ) 

q  =  0.7418 

Ephemeris  foe  Greenwk 


II    MlDNK 

O 


1898  -l  :■  e  20  5 
24.5 


4      2 
4  26 


+  57 


Br. 

LIS 


I    is    4s 


+54   :'" 
-.-.2  27 


1898 

July     2.-.  .".    10     ii  -7  1.72 

I':    Li  (  -  ii\i;i;   has   fci  rhe  followii.. 

. '    i.mki: 
of  the  S 
observations  •  I  16  : 

T  1.13  Gr.  M.T. 

u,  =  2  12     n 

Q,  =  249  25     '  • 

i  =     71' 

q  =  0.2129 

Ephemeris  fob  Greenwich  Midnight. 


a 

0 

Br. 

!i       m       s 

Isms  June  20.5 

I     3 

:  13 

1.33 

24.5 

I  28    11 

55   1 7 

28.5 

1  53  36 

53  55 

July      2.5 

5  17  56 

+51 

COMET/  1808  =  WOLF'S    PERIODIC    COMET,    L884  HI,  1891  II. 

Prof .  Keeleb  has  telegraphed    thai    Wolf's  comet  was 
discovered  by  Prof.  Husset,  on  June  L6,  in  I 
position  : 

1S0S  Gr.  M.T.  a  8 

June  16.9666         2    16     18'.9      .       +19    12'  11" 

The  correction  to  Thraen's  finding  ephemeris  is  there- 
fore practically  ins  ding  to  this 
The  continuation    of  this  ephemeris,   from     I.^T.3481,   :- 
therefoi  i              i  low. 

Ephemeris  fob   Berlin   Midnight. 


1898  Juh 


1.5 

5 . 5 


59 

1  1 


39 


+20  ll 
+20  10 


a 

8 

1        s 

1898  July   9.5 

3 

- 

13.5 

35 

7 

19  :<:> 

17.:. 

16 

11 

19   41 

21.5 

3 

58 

15 

19  23 

25.5 

4 

9 

35 

p.i    .i 

I'" 

45 

Aug.    2.5 

31 

13 

is     3 

6.5 

12 

28 

17  27 

10.5 

1 

52 

59 

16  49 

1  1.5 

5 

3 

13 

16     6 

is. 7. 

L3 

12 

15  20 

22.5 

.... 

52 

l  l  29 

26.5 

32 

13 

30.5 

11 

l:i 

12  39 

3.5 

5 

I'.i 

_ 

+  11  40 

COMET  g  L898. 

Prol    Kr]     i      .i-  telegraphed  the  by  Giai  ob  : 

.  i  al  the  Nice  I  >1 


1898  June  18.521  Gr.  M.T. 
19.5079 


=-  20  36  2s 
20  26    I"  s 


8   =    -21    1  I   0 
-21    27   6 


Anothe spatch   received   by  Mr.  Ritchie  from   Kiel  comu  iwing  elemei 

rekimation  I 


.11 
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I'.I  1    MINI-. 

EPHEMEKIS 

1  ul;    GhEJ  n  v\  ii  H 

M  II. Mi. 11  1. 

T  =   L898  July  6.23  <; 

.  M.T. 

1,  ",„ 

r>                  Br. 

w  =       7  36  ) 
q  =  278  :'.l      L898.0 
i  =   ice,   i.-,  ) 

1898  .luii.'  29.S 
Julj      3.5 

l.s     5  1C 

17    7  :;:' 

21  35       i. •■;."- 

19  27 

7.5 

L6  19   18 

16   16 

q   -    1.5864 

1 1 .:. 

15   13  L6 

-11  1i>        0.79 

During  the  unusual  ami  unavoidable  interval  of  delaj  in 

tin-  issue  ul'  tin'  presenl  numb  ons  of  the  ephe r- 

.'.  visible  have  been  anxiously 
looked  I'ni'  ami  awaited  from  some  >>i  the  astronomers  who 
usuallj  take  ran-  i o  provide  them  for  the  use  of  observers; 


lmt  uone  have  I □  received)  nor  has  the  Editor  found  it 

possible  to  supply  this  unfortunate  deficiency.     It  is  earn- 
to  1»'  hoped  that  the  thoughtful  foresight  of  .-nun-  of 

the  computers   an i     who  are  interested  in   the 

matter  will  prevent  in  the  futures  similar  defi 


OBSERVATIONS   OF   COMETS  c  ANI><?  1898, 

MAD!      \i     Mil     LICK    OBSEBVATOBY,    IXIVI.Ilsrn    in     I    LI.IFOBNIA,    WITH    nil.    12-IJTCH    I  "l   A.TORIAL, 

By  c.  i).  pkkrink. 


L89S   Ml.  Hamilton  M.T. 


No. 
( lomp. 


la  I         J8 


#•« 


logpA 

for  a  I'uro 


I   uMI.I     C   1898    (CODDINGXOK  I. 

June  12     14"l':;'".-.L'S|      1      \dl0 , 8   |    -0™  6*06    I    +1     8.4    '   16" 20"" 51.23     -26     0  39^4       9.618    I  0.825 


Comet  e  1898  (Perrine). 


June  11  15  15  .">'.> 
L5  M  12  6 
16    II  23  33 


2 

,1   4  .  3 

-0  26.84 

-3  15.6 

3  29     0.99 

+  7,s  ;;.-,  22.3 

n9.949 

0.290 

4 

1 8  .  8 

+  1     8.32 

-1   11.1 

3  34  57.67 

+  7.8  23  58.6 

n9.906 

9.230 

5 

|   18,8 

+  0  26.00 

+  6  44.6 

3  41  11.86 

+58   L0   I'M 

&9.911 

9.230 

Mi  an  Places  for  1898.0  of  Comparison- Stars. 


* 

a 

Hi-il.  in 
app.  place 

8 

Ki'.l.    In 

app.  place 

Authority 

1 

16  20  53.10 

+4.19 

-26     1   35.3 

-12.5 

Cordoba  G.C. 22270 

o 

3  29  26.51 

"+1.32 

+58  38  36.2 

+  1.7 

Micrometer-comparison  with  *3 

3 

3  31   28.32 

+  1.32 

+  58  40  46.1 

+   1.7 

Helsingfors-Gotha  A.G.  3120 

4 

3  33  47.99 

+1.36 

+  7.8  25     8.4 

+  1.6 

Helsingfors-Gotha  A.G.  3151 

5 

3  40   l  t.46 

+  1.41) 

+  58     4     2.9 

+  1.6 

Micrometer-comparison  with  ^<"> 

,; 

3  37  37.08 

+  1.40 

+  57  59  38.2 

+  1.6 

Helsingfors-Gotha  A.G.  3174 

NOTES, 
d  indicates  that  Ja  was  measured  directly  with  the  micrometer.  Comet  e  is  a  little  fainter  than  Comet  6  is  at  present,  estimated 

June  11.     I  liscoverj  measures  made  in  dawn;  not  time  to  make      about  10AM.     Comet  is  about  1'  or  H'  in  diameter,  and  has  a  central 
complete  measure.  I  condensation,  but  no  nucleus. 

ML  Hamilton,  Cal.,  1898  June  10. 


OBSEEVATIOKS   OF   COMET  c  1898,  (coddington), 

MALE    AT    THE    SAYBE    OBSEBVATOBY,    SOUTH    BETHLEHEM,    PA., 


1S9S  Bethlehem  M.T.       # 

June  14  11  u'r.ti  I      1 
15  10     1  10        2 


Xo. 

(  i. nip. 


By  JOHX  H.  OGBTJRN. 


l^'sa 


apparent 


og  :  - 
la  z/S  a  8  for  a        for  S 

-0"ll!l7   I    -7  12 A   I  16  14° 55.28  I  -27     6  40-'o  I    S.871  I  0.910 
,9-0  23.33       +5  14.5      16  11  38.92     -27  42  21.8  |  «8.859  |  0.912 


N0'  439 
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Mean   Places  for  1898.0  of  Comparison- Stan 


Red.  to 
app.  place 


app.  place 


16  15     2.23 
16   II    58.01 


+  1.22      -26  59  1  I.I     -13.2 
+4.24       -27    17  22.8  :  -13.5 


Autho 

Gould,  I 
\  (2  G 


ELEMENTS   AND    EPHEMERLDES   OF   COMETS  c  1898  (coddington) 

AND    d   L898,    (PERRINE)* 
By  R.  T.  CE  LWFORD. 


From  Mount  Hamilton  observations  kindly  telegraphed 
to  the  Students'  Observatory  by  Directoi  -I  wti  -  E.  Kitmi:. 
I  have  computed  the  following  orbil        i  It  (8  (Cod- 

i. in. .ton  i.  am    i  1898  (Perrlvi   ,  the  latter  with  the 

assistance  ol  Mr.  II.  K.  Palmer,  graduate  student  : 

Comei      1 898  (Coddi 

<  tBSEKVATIONS. 
App.  ci  App.  o 


189SGr.  M.T. 

June  11.7220 
12.7288 
13.7583 


16  24  55.9  25  1  I  20 

16  21   34.1        -25  52    13 
16  18     5.0  26  31    18 


Observer 

I  I 

Coddingtou 
Qgton 


Elements. 
T  =   Sept.  8.36349  Gr.  M.T. 

i  =     71    17    1  '.i 

«  =     7:;  58  LM   .  1898  0 
<„  =  227  40  10      '    ■    ■ 

,r  =  301   38  34 
logy  =  0.255338 

0     C:       Ucos/3  =  +3".0     .      /j8  -    -l'l. 

Constants  for  Tin:  Equator  oi    1898.0 

x  =   [9.865980]  sin|     5     1  56  ~  >    sec'i" 
y  =  [0.224295      in  336  23   14  +  u 
z  =   [0.247996     sin  250  33  51  I 


An  approximate 

!■  I.i  i  si  iini  i;.  .1  one  16th  an 
no  appreciable  i 

i  Iomet  d  1 898    Perk  i 

K\   I.TIOKS. 
App.a  App.  S 


.  M.T. 

I  1.9740 


3  i".'  1.0 
::  34  57.7 
3  n  n.9 


24     2 
10  49 


ELEMES  I  -. 

T  =  Aug.  1.14561  Gr.  M.T. 


1898  0 


i  =  72 

Si  =  249  25     7 

o.  =  242     1  :' I 

*  =  131   29  31 

,   -  9.328168 

0-(         IXcos|3=t2'.o    ,      l ;    -      . 

CONSTANTS     FOK     I  in      E<J1    \  i  ■    '  18     3 

x  =   [8.977723    sini  190  5 

y  =  [9.320060]  sin(123  7  15-1 

'.v    -  i]  sin  (21 8  2  57  - 

University  of  California,  £ 


FILAR-MICROMETER   OBSERVATIONS  OF  COMET  c  1898  (coddington), 

l',\  !■'..  E.   BARS  \i:i>. 


90th  Meridian  Time  1898 


L3     It'  36   15 
1  I       9  25   17 


s 

6  .  3 

I  .  s 


la  Id 


parent 


ii   l  1.06 
-0     3.20 


•  i  36.2      L6  18   18.6  26  29.6 

-5  53.9    ,  16  15  27     5.1 


Mean   Places  for  1898.0  of  Comparison- Stars 


16  is  25.5 
16   15     2.1 


Red.  i"                 £  Red.  to 

upi>.  place              o  app 

26  34.1  I     -    12.8 

+4.22        -26  59.0  -13.2 


DM       26  11329 
:■■■-.       26  11292 


The  comet  is  about  8*  or  9*,  with  a  strong,  almost  stellar  condensation,  and  a  short  brush  of  tail  to  the  north.     I 
measures  with  the  micrometer  oi  the  10  Inch      u  e  have  not  yi  I  acciu 


These  elements  were  also  telegraphed  on  June  17th  and  June  ISth.     J 
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REDISCOVERS    OF    WOLFS    PERIODICAL   COMET,  J   L898, 

I'.v   WILLI  \M   .1.   BUSS]  5  . 
*i         rday  morning  I  rediscovered  this  p  observed  it  with  the  12-inch  telescope,  and  found  il 

with  the  36-in  to  the  place  jiven  bj      object  with  this  instrument.     The  position  at  the  1 

Thraen's  ephemeris  in  the   .I..V.:;IM.     This  morning  I      rediscovery  is  given  by  the  following  observation  : 


\'m. 


&/ —  *  ^'g  apparent  log  pi 

Mt.HamtltonM.T.        *        ,„„/,,  ,a  lh  a  8  forS 

b      in     s  m       -  ll        at 

Junel6   15  5  21   |     1     |  6,6  |    +1  -'"..77    |    +3  13.6    :    2   16   18.91       +19   12    1 1.1      &9.691      0.668 
.!/"■///   Place  for  1898.0  of  Comparison-Star. 

Red.  to  Red.  to 

^  a  app.  place  8  app.  place  Authority 

v       1      |   2 '  i  i' "".-.  1 7  IT    ;    +L67      4-19  39  22.1       'M        Auwers,  Berlin  A.G.  Catal.  646 

Lick  Observatory,  Mt.  Hamilton,  (  »i  18. 
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"        "    five         "  "         (nos.  1,  3,   1.  5  and  6) 7.50 

"        "    six  "  "         (nos.  1,  2,  3,  4,  5  and  6) 6.00 

The  remaining  volumes  may  still  be  obtained  at  the  following  prices  : 

Volumes     II  to        VI,  complete  each 84. ."in 

VI 1   to  XVII,         "  "         3.75 

le  numbers  ran  still  be  supplied,  to  complete  imperfect  volumes  or  for  other  purpo 
The    prices  for   any  particular  sets,  volumes,  or   numbers,  can   be    obtained    by  correspondence.     Addri    - 

S.  C.  Chandler,  16  Craigie  St..  Cambridge,  Mass. 
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The  discovery  of  the  companion  of  Procyon,  mon 
half  a  century  after  its  existence  had  been  suspected  bj 
Bessel,  must  be  considered  a  notable  achievement  of  our 
time.  Professor  Schaebeele's  beautiful  optical  discovery 
is  not  only  important  in  itself,  as  disclosing  a  binar]  sys- 
tem of  high  interest,  but  also  in  giving  data,  which,  in 
combination  with  the  observations  of  the  relative  position 
of  Procyon  for  the  last  forty-seven  years,  furnish  al  once 
an  accurate  knowledge  of  the  system.  We  arc  thus  unex- 
pectedly placed  in  possession  of  material  which  enables  us 
to  trace  the  orbit  of  what  turns  out  to  be  the  grandest  of 
known  binary  stars,  and  to  determine  the  relative  i 
with  a  considerable  degree  of  precision.  The  resi 
on  this  dark  and  hitherto  unseen  companion  are  so  in- 
structive, that  I  venture  to  think  an  outline  of  their  salient 
features  will  not  be  devoid  of  interest. 

The  early  investigations  of  Bessel  on  the  proper  motions 
of  the  fixed  stars  led  him  to  reflect  that  the  assumption  <it 
uniform  movement  on  the  are  of  a  great  circle,  deduced 
from  the  laws  of  undisturbed  motion,  and  universally  cur- 
rent since  the  time  of  Hallky,  rested  on  a  purely  empirical 
foundation,  and  consequently  was  to  be  admitted  in  treat- 
ing of  the  actual  heavens  only  so  long  as  it  satisfied 
observations.  The  discovery  in  1834  of  very  sensibli 
ularities  in  the  motion  of  Siriu.<  produced  the  conviction 
that,  this  star  is  not  moving  uniformly,  but  suffers  periodic 
perturbations  from  some  external  cause;  and  nothing  was 
more  natural  than  to  assume  that  the  bright  object  is  a 
part  of  a  binarj  system,  of  which  only  a  single  component 

had    1 n    disclosed.      Six    years    later    he  reached  a  similar 

e hision    regarding    the   motion    of    Procyon,  though   tin' 

foundation  upon   which  the  second   ca  e   re  ted   was    less 

satisfactory  than   the   first,   and   hi 

spondingly   cautious.     5fet    in   one  of   his  last    letto 

Hi  mboldt  (cited  bj  Wolf,  Gesch.  der  Astron^j).  743, note), 

Bessel  expresses  himself  confidently:    ••  1  adhere  to  the 

conviction    that    Procyon    and     Sirius    form    real    binary 


53  stems,  consisting  of  a  visible  and  an  in vii 

is  no  reason  to  suppose  luminosity 

eosniieal   bodies.     The   visibility    of   1 is   no 

:  he  invisibility  ot 
l'i  1  1  us    had    investigated   the    ii  i- 
in  1851  and  A.UWERS  in  L862  undertook  a  iminar 

the  motion  of  Procyon.     The  outcome  of  his  i: 

sive  confirmation   ot    ■  • . .  .n  of 

Bessel,  though  the  smaller  absolute  displacements  to  which 
Procyon   is  subjected   in  comparison  with  the  inc. 
errors  of  observation  rendered  the  satisfactory  determina- 
tion of  this  orbit  much  more  difficult  than  that   ot   s 
where  the  satellite  has  a  greater  relative  mass,  and 
in  a  larger  apparent  orbit.      Though  Dr.  A  1  wi  1  - 
t  he  meridian  obsen  ations  with  all  the  skill  and  exha 
ness  characteristic  of  that  distinguished     -  :.  and 

continued  the  work  at  intervals  till  1874,  he  v. 
content  himself  throughout  with  the  assumption  of  a  circu- 
lar orbit    lying  in   a   plane  tangent   to  tie 
The  period  deduced  by  these  profound  investigatioi 

39.972  years.     We  refer  in  tl inclusion  ot  this  paper  to 

the  supposed  discoverj   of  the  companion  of   / 
Pulkowa,   1873   March   19,  and  the  similar  dei 
potted  from  other  observatories.     It  now  it  that 

ill  ot  these  objects  were  spurious,  and  could  ha 
connection  with  the  genuine  Bessel  companion  found  by 

S.  n  \i  1:1  1.1  1 

The  only  unsuccessful  optical  search  by  a  skilli 
which   now  calls  for  attention   is   that    made   b\    I'.iiimum 
with  the  36-inch  refractor  ><i  the  Lick  Observatory, 
and   1890.      His  records  furnish  satisfactory  proof   ti 
object   was  then  invisible  in  the  most  powerful  ' 
the  world,  and  arc  of  no  small  importance  m  d  - 
character  of  the  orbit.     The  notes  then  taken 

"1888.818.     Carefully  examined  with  all  pi 

D    the  36-inch,    under    t. 
star-single,  and  no  near  companion.'* 
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■  •  Is'.in.Ts;,.  Carefully  examined  with  various  powers. 
Nothing  oearer  than  the  old  companion." 

It  has  been  known  since  the  investigations  of  \vvn  rs 
that  the  motion  of  the  companion  is  direct,  and  as  Si  h  m  - 
berle  found  it  in  angle  318°  in  1896,  il   is  clear  that  the 

angle  ai  the  tin t   Bi  rnham's  observations  musl  have 

been  considerable  Bmaller.  sine-  the  discovery  was  made 
with  the  same  telescope  which  had  formerlj  been  unsuc- 
cessful, in  the  hands  of  o t  the  must  skillful  observers 

of  all  time,  the  presumption  is  tha  tance  had  in- 

creased. We  shall  see  that  those  conclusions  are  indicated 
from  another  poinl  of  view. 

In  the  \  ear  1 851  <  >tto  Stki  ve  began  a  series  of  measures 
of  Procyon  with  respect  to  neighboring  stars,  and  continued 
the  work  with  few  interruptions  for  39  years.  The  stars 
chosen  were.  DM.5  L738,  mag.  9,  and  DM.5  1711.  mag. 
8.8 j  which  Strive calls  Band  C respectively.  B  pn 
an, l  C  follows  Procyon  at  intervals  of  some  20  seconds  of 
time;  and  both  are  to  the  north  of  the  bright  star.  It 
may  be  aoted  that  C  is  a  very  close  double,  but  this  fact 
dues  not  bear  on  the  present  inquiry.  As  these  ob 
tions  were  made  with  the  micrometer  in  the  hands  of  a 
most  experienced  observer,  such  relative  places  evidently 
have  much  greater  accuracy  than  absolute  positions  depend- 
ing on  the  Meridian  Circle.  In  the  present  investigation 
of  the  orbit  1  have  therefore  relied  entirely  on  this  work, 
and  on  the  micrometrical  measures  of  the  companion  since 
L896.  Bi  i;mi  \m  saw  the  advantage  of  such  procedure  four 
years  ago,  and  even  discussed  it  in  his  paper  in  the 
Astronomy  and  Astro-physics,  No.  126.  But  as  the  com- 
panion had  not  yet  been  discovered  optically,  it  then 
seemed  useless  to  attempt  to  do  more  than  confirm  the 
conclusions  drawn  from  the  meridian  observations. 

In  dealing  with  the  orbit  of  Procyon,  the  method  of  pro- 
cedure is  substantially  as  follows  :  Otto  Stkivk  has  given 
Is  of  the,  Pulkowa  Observatory,  Vol.  X)  the  places  of 
Procyon  with  respect  to  7?  and  C  for  many  years;  these 
small  stars  are  assumed  to  be  (and  are  in  fact)  sensibly 
fixed  in  space,  and  as  Procyon  has  a  large  proper  motion  of 
1".257  in  direction  216°.6,  the  result  is  that  by  taking  the 
origin  of  coordinates  at  a  convenient  (arbitrary)  distance 
from  one  of  these  stars,  Procyon  is  made  to  exhibit  its 
variable  motion  in  the  sinuous  curve  traced  out  by  the 
large  star  about  the  uniformly-moving  center  of  grayitj  of 
j  stem.  In  the  table  we  thus  take  the  region  of  right- 
ascension  and  declination  so  as  to  include  the  positions 
occupied    by    Pr  during   the  period   of   observation. 

Omitting,  in  the  case  of  the  star  B,  the  constant  part  70", 
whi  sh  stands  at  the  head  of  the  column  z/8„",  the  declination 
is  seen  to  vary  from  4".42  to  43". 41 ;  the  right-ascension 
from  22s  +  19".20  to  22'  +■  19".28.  It  will  be  understood, 
of  course,  that  these  values  of  da"  and  J&u"  are  reduced 
to  a  common  epoch  (1850.0),  and  that  the  arc  da"  tabu- 


lated is  reduced  to  absolute  space  by  the  cosine  of  the 
declination  of  Procyon.  In  the  case  of  C,  the  constant  of 
declination  omitted  is  25".48;  this  value  was  determined 
by  the  criterion  that  for  the  "hole  series  od  obsei 
the  sum  of  the  differences  deduced  relative  to  the  star  /; 
should  vanish.  This  amounts  to  the  Bame  thing  as  trans- 
ferring the  systems  of  coordinates  for  the  two  stars  to  a 
common  origin.  The  right-ascensions  were  adjusted  in 
like  manner.     The   table   exhibits   the  accordance  of  obser- 

with  the  orbit    here  deduced.      Though  the  erri 
observation  are  epiite  appreciable,  the  general  trend   indi- 
cates a  remarkable  agreement   with  theory. 

Experience  in  double-star  work,  where  the  errors  are 
large  in  comparison  with  the  quantity  measured,  has  fully 
demonstrated  the  superiority  of  graphical  over  numerical 
methods.  In  the  present  case  the  considerable  magnitude 
of  some  of  the  errors,  especially  in  Ik„",  rendered  a  purely 
numerical  computation  liable  to  serious  objection.  I  there- 
fore proceeded  by  graphical  methods  until  a  satisfactory 
orbit  was  obtained,  and  then  compared  the  observations 
with  theory. 

The  elements  of  the  orbit  of  Procyon  about  the  center  of 
gravity  of  the  system  were  found  to  be 

P    =    40.0  years 


T 

= 

1891.0 

e 

= 

0.45 

a 

= 

0".94 

U 

= 

L08  3 

l 

= 

33M3 

A 

= 

2s<;  .:;.-, 

The  elements   of   the  relative  orbit  of   the  companion 
about  Procyon  are 

P  =  40.0  years 

T  =  1891.0 

e  =  0.45 

a   =  5".8  1 

Si  =  108°.3 

i  =  33°.13 

A  =  10(i°.35 

n  =    +  9°.0000 


Apparent  orbit: 

Length  of  major  axis  =  9".70 

Length  of  minor  axis  =  8".80 

A.ngle  ot  major  axis  =  63  .6 

Angle  of  periastron  =  216°.6 

Distance  of  star  from  center  =  2".16 
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Comparison  of  Compi  h.i,  with  Observed  Places. 
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+  0.18 

+0.12 

39.92 

24.36 
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- 

1889.21 

12.20 

20.43 
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+1.51 
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43.41 
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20.38 
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When  carefully  plotted  it  is  found  that  the  irregulari- 
ties in  the  motion  of  Procyon  are  as  represented  on  tin' 
accompanying  plate,  which  shows  also  tin-  orbit  of  Procyon 
about  the  center  of  gravity,  and  the  relative  orbil  "I'  the 
companion  about  the  large  star.  The  pari  of  the  plate 
designated  "Absolute  path  in  space,"  shows  the  curve 
traced  by  Procyon  in  the  general  direction  216°.6.  For 
convenience  of  inspection  the  observations  of  Procyon  rela- 
tive to  the  star  1!  are  denoted  by  the  larger  those  relative 
to  C  by  the  smaller,  points.  On  examining  the  motion 
from  1851  to  I860  it  is  easy  to  sec  thai  Pro 
departed  from  the  line  traversed  by  the  center  of  gravity. 
and  this  sudden  bend  indicates  a  moderately  high 
tricity ;  the  upper  part  of  the  curve  shows  how  it  again 
rapidly  approached  this  line    in   completing    the  revolution. 

Though  it  is  1 1 . - 1  probable  that  the  major  axis  points  exactly 
in  the  direction  of  proper  motion,  there  is  no  evidence  of 
asymmetry  in  the  arrangement,  of  the  orbit  relative  to  the 
path  traversed  by  the  center  of  gravity,  and  accordingly 
that  line  is  assumed  to  coincidi  with  the  real  major  axis. 
The  eccentricity  here  adopted  as  the  result  of  suoci 
approximations  is  near  the  most  probable  value  that  1 


1  ho  en  lor  the  orbit  oi  a  ,  leu  Me  star,  and  besides  being  thus 
inherently  probable  is  the  only  value  consistent  with  the 
it  ions  now  available.  It  is  very  unlikely  that  the 
eccentricity  is  in  error  by  more  than  0.05.  The  compara- 
tively slow  motion   of  tin'  companion   s 

indicates  that  the  orbit  must  be  moderately  eccentric;  and 
as  a  closer  examination  of  the  case  shows  that  the  incli- 
nation is  small,  we  are  left   with  no  alternative  but  t!  1 

here  adopted.     Tl lements  explain  all  the  1 

in  a  satisfactory  manner,  and  must,  we  think,  be  accounted 
a  fair  approximation  to  the  true  orbit.     As  the  declii 
are  necessarily  more  accurate  than  the  right-as 

have  thought  it  proper  to  give  an  additional  curve  ■ 
sent  in-  the  ■■  Perturbation  in  Declination."  In  this  dia 
the  horizontal  axis  represents  the  time,  the  \ 

the  declination;   and  with  an  equal  d  per 

year,  the  perturbation  in  declination  is  made  very  ap; 
It  is  easily  seen  that  tin'  present  orbit  represents  the  ; 
larifrj  almost  perfectly.  The  desirability  of  combinii 
diagrams  in  g  the  curvi 

duced  me  in  the  pi 

tical  displat 
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the  same  in  the  two  diagrams.  This  facilitates  the  Btudy  of 
the  perturbations,  and  as  the  time  does  not  directlj  enter 
into  the  construction  of  the  "Absolute    path    in    spar.'." 

there   Is  a icasion   for  confusion.     Moreover,  the   few 

epochs  indicated  along  the  line  oi  the  "Absolute  path," 

will  enable  the  reader  to  follow  the  principal  phe nena 

nf  thai  diagram  without  difficulty. 


The  positions  occupied  bj  the  center  oi  gravity  at  the 
different  epochs  are  denoted  by  small  intersections  oi  the 
line  of  proper  motion.     The  corresponding  computed 
i)f  Procyon  lie  on  the  sinuous  curve  at  points  indicated  by 
small  cro 

I  he  following  is  a  comparison  of  these  elements  with  the 
observations  oi  the  companion  made  with  the  micrometer. 
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+0.03 

4 

Boothroyd 

1898.213 

326.0 

326.5 

4.83 

1.80 

-0.5 

+0.03 

7-6 

Barnard 

1S98.236 

326.0 

326.7 

4.26 

4.81 

-0.7 

-0.55 

3 

Lewis 

El'HEMKKlS. 

t 

9c 

Pe 

t 

9c 

Pc 

1899.20 

334.0 

5.00 

1904. I'd 

4.9 

6.06 

1900.20 

341.0 

5.26 

1905.20 

10.0 

6.23 

1901.20 

347.3 

5.45 

1906.20 

15.1 

6.41 

L902.20 

353.3 

5.66 

1907.20 

19.9 

6.54 

1903.20 

359.3 

5.88 

1908.20 

24.7 

6.70 

It  follows  from  these  results  that  the  distance  will 
steadily  increase  for  a  number  of  years,  and  that  the  com- 
panion will  eventually  become  quite  easy.  At  the  time  of 
Burxham's  searches,  however,  it  was  beyond  the  reach  of 
any  existing  telescope,  and  hence  his  failure  to  see  it  is  not 
surprising.  Yet  even  the  negative  observation  is  valuable 
in  confirming  the  orbit  now  deduced. 

At  the  time  of  Otto  Stkwk's  searches  in  1873  and  1874 
the  companion  was  comparatively  wide  (6".9),  though  from 
its  known  faintness  we  may  now  feel  sure  that  it  would 
have  been  invisible  in  the  15-inch  telescope  in  a  climate 
such  as  that  of  Pulkowa.  The  failure  to  see  it  at  Wash- 
ington at  that  time  must  be  explained  by  similar  adverse 
climatic  conditions,  or  by  the  inexperience  of  the  American 
observers  who  made  the  examination.  It  ought  to  have 
been  easily  visible  in  a  26-inch  telescope  on  a  night  when 
the  spurious  image  of  Procyon  is  contracted  to  a  small 
point,  and  the  fringes  are  quiescent.  Here  at  Flagstaff  it 
is  possible  to  see  objects  much  more  difficult  with  the 
Lowell  telescope  of  24-inch  aperture. 

Otto  Struve's  deception -and  announcement  of  the  com- 
panion at  a  distance  of  ten  seconds  is  said  to  have  arisen 
from  a  ghost  in  the  Mertz  15-inch  object-glass,  which 
vanished   when   the   telescope   was    reversed.      Since   the 


mounting  of  the  new  Clark  refractor,  the  companion  has 
been  too  close  to  be  easily  seen  at  Pulkowa,  even  with  a 
30-inch  aperture.  But  now  it  ought  to  be  visible  in  that 
instrument,  and  we  may  expect  it  to  receive  adequate 
attention  hereafter.  While  the  present  orbit  will  doubtless 
need  some  correction  as  soon  as  the  orbital  motion  develops, 
it  is  difficult  to  see  how  its  essential  nature  can  be  ma- 
terially changed.  The  present  state  of  the  observations 
would  not  warrant  any  further  attempts  at  refinement. 
Taking  the  present  distance  to  be  4".80,  the  masses  are 
found  to  be  in  the  ratio  of  exactly  1  :5.  This  value 
not  seem  liable  to  an  error  of  more  than  ten  per  cent.,  and 
is  probably  as  exact  as  that  of  any  known  system  except 
a  ( 'entauri.  Using  Dr.  Elkin's  parallax  of  0".266  ±  0".047h 
determined  with  the  Heliometer,  we  find  the  major  semi- 
axis  of  the  orbit  of  Procyon  about  the  center  of  gravity  to 
have  a  length  of  3.534  astronomical  units ;  and  as  the  semi- 
axis  of  the  relative  orbits  is  six  times  larger,  or  21.2,  we 
see  that  the  dimensions  of  the  orbit  of  the  companion 
slightly  surpass  those  of  the  planet  frmins. 

The  combined  mass  of  the  system  is  found  to  be  5.955 
that  of  the  sun  and  earth  :  and  as  the  companion  is  one- 
fifth  as  massive  as  the  large  star,  we  see  that  it  has  a  mass 
equal  to  0.99,  or  almost  exactly  the  same  as  that  of  our 
sun.  The  system  is  thus  the  most  magnificent  which 
astronomical  observation  has  yet  disclosed.  Assuming  the 
magnitudes  of  Procyon  and  Sirtus  to  be  respectively  0.5 
and  —1.4,  we  find  that  the  former  gives  only  one-thirteenth 
as  much  light  as  the  latter.  Sirius  itself  is  found  by  the 
best  estimates  to  radiate  about  forty  times  more  light  than 
the  sun,  and  hence  Procyon  gives  only  about  three  times 


The  Astronomical  Journal,    2Vb,    140. 


\ 

\ 

\_ 

1898  2f\3 

vX 

/ 

•. 

0{ 

\  \ 

M, 

|\\ 

s 

18! 

).l 

•\ 

• 

' 

~~~~-v 

\ 

\ 

\ 

\ 

■ 

vl   ' 

/         "^ 

%l\] 

>._ 

v 

\\j 

\T^1 

y 

-  '   v^» 

\  ^v 

"     \ 

•  \ 

1 

\ 

• 

...X 

'0 

:,     , 

1, 

\i 

1 

•\ 

^ 

* 

» 

\ 

R 

i  a 

ive 

Orbi 

rocvoi 

V 

■ 

, 

s.  1 

., 

\ 

•s 

1 

\ 

. 

* 

\ 

"  • 

\ 

\ 

N 

\' 

- 

\> 

S 

\'\ 

, 

5 

v' 

• 

•• 

\« 

\ 

Ok 

PSX 

■  \\ 

• 

\p» 

•  \  \ 

. 

\ 

*  \\ 

~ 

'■ 

\    * 

* 

.     . i-A 

-M— 

VN 

\V 

v  • 

V 

A» 

i  D.cl 

N 

\. 

'■' 

• 

\> 

J!8 

- 

IE 

.. 

vl 

It 

- 

^  •                    \ 

' 

. 

0" 

k> 

RESEARCHES    ON    TJH E    ORBIT   OF    PROCYON 


N°-  440 


T  H  E     ASTRONOMICAL     JO  URN  A  I. . 


this  quantity.  Thus,  although  the  system  is  vi 
it  is  not  very  brilliant.  At  best  the  large  central  star 
shines  with  a  very  moderate  luminosity,  while  tin-  purple 
companion  is  evidently  quite  obscure.  For,  assuming  that 
the  companion  is  twelve  magnitudes  fainter  than  the  large 
star  (it  must  be  at  least,  thai  Eainl  i,  we  find  that  it  radiates 
less  than  one  sixty-thousandth  as  much  light  as  Procyon, 
or  one  twenty-thousandth  as  much  light  as  our  sun.  which 
has  an  equal  mass. 

The  detection  of  this  companion  from   irregularities  in 

the  proper  motion  of  Procyon,  amounting  in  the  maximum 

to  but  little  more  than  a  second  of  arc,  before  any  account 

was  taken  of  latitude-variation  or  the    other  minute  cor- 

Lowell  Observatory,  Flagstaff,  Ariz.,  1S98  June  24. 


rections  now  applied  to  meridian 

an    impi  on   of  tin-  value   i  : 

ther  bright  stars  will  be  found  to  i."  similai 
turbed    as    soon    as   their   motions   are  i 
s  i -in  \  e's  ■'■  ork  on  Procyon  ie 

stars  may  be  advantageously  investigated  by  the  practical 
astronomer  who  uses  an  equatorial  teles 
size. 

In  closing  this  paper  it   is   proper  to  at-kin 

ince  which  Mr.  Boothbottj  has  rendered  in  th( 
putations,  and  the  interest  he  has  shown  in  the  in 
gation  of  this  remarkable  system. 


THEORY  OF   THE 


MOTION 

By  E.  .1 


OF   THE   SPOTS 

WILCZYNSKI. 


ox  ./,  77-/7.7/. 


In  my  paper  on  the  causes  of  the  sunspot  period  (')  I  have 
published  an  investigation  which  has  an  important  ap- 
plication not  noticed  at  the  time.  It  is  not  my  intention 
to  discuss  this  matter  in  full  in  the  present  paper,  as  that 
would  require  much  more  analytical  and  numerical  work 
than  the  time  I  now  have  at  my  disposal  permits.  It  suf- 
fices to  give  a  general  theory  of  the  phenomena  involved, 
leaving  the  details  for  the  future. 

Mr.  0.  Lohse  lias  recently  published  in  A.N.  3490  the 
results  of  his  observations  of  the  rotatorj  velocitj  ol 
Jupiter's  great  red  spot.  He  finds  it  impossible  to  recon- 
cile the  observed  facts  with  the  assumption  that  this  spot 
rotates  with  a  constant  velocity,  lie  finds  the  velocity  of 
rotation  to  be  an  alternately  increasing  and  decreasing 
function  of  the  time.  Other  observers,  among  whom  I  will 
only  quote  Hough,(2)  have  made  similar  remarks  foi 
spots,  all  of  which  seem  to  move  with  a  variable  velocity 
of  rotation,  although  I  believe  Lohse's  observations  to  be 
the  first  which  give  any  considerable  information  about  the 
law  of  the  change. 

Now,  in  my  paper,  1  have  shown  for  a  different  purpose 
how  such  variations  in  this  quantity  can  occur.  The 
reasoning  there  employed  can  he  applied  immediately  to 
■In/, Iter,  as  well  as  to  tin'  Sun  Nevertheless  the  case 
which  was  there  treated  in  extenso,  namely,  that  of  an  in- 
compressible fluid,  while  admitting  of  immediate  generali- 
zation for  other  cases,  is  certainly  not  the  case  occurring 
in  Nature.  We  will,  therefore,  not  confining  ourselves  to 
the  case  of  Jupiter,  make  assumptions  which  are  much 
more  general.  The  different  assumptions  which  can  he 
mailed,,  not  at  all  affect  t  lie  main  result .  hut 
the  results  in  minor  details. 

(')  Astropltysical  Journal,  Vol.  VII.  Xo.  2. 
ii  It ii.  .1.  ZV.  3854. 


Let  us  then  suppose  that  Jupiter  has  a  solid,  approxi- 
mately spherical  nucleus,  and  is  surrounded  by  a  vis 
gaseous  atmosphere  of  uniform  temperature.    The  points  of 
the  atmosphere  are  supposed  to  describe  circular  orbits  paral- 
lel to  the  plane  oi  Jupiter's  equator,  whose  centers  an  -  I 
upon  the  prolongation  of  Jupit  I  rotation.:' 

of  z.     According  to  a  theorem  demonstrated  in  n 
the  veli  c  1 3  of  rotation  ■,.  must  be  that  of  the  solid  ' 
for  all  points  of  the  atmosphere  lying  within  the  cylinder 
tangent  to  the  nucleus  at  its  equator.     For  points  outside 
of  this  bounding  cylinder,  a>  may  be  any  function  of  /•.  the 
distance  from  the  axis  of  rotation. 

In  my  thesis  the  following  equations  are  demoi  ■• 


=  f  ^T_  1  ''/■ 

fj  Br 


,ir 


o-j 


~Jt    ~   p  \7f?-   +  r   .  < 


' 


- 

in  which    p.  p,  /:,   V,    denote  respectively  the  density,  pres- 
sure, i tlieient  of  viscosity,  and  potential  for  the  point 

whose  coordinates  are   a:,  yande;  r  denotes    \  T7^- 
distance  from  the  axis  of  rotation. 

Inside  of  the  hounding  cylinder  just  mentioned 
everywhere  the  same  value.     Therefore,  according 
=  o •    i.e.,  if  the  motion  is  strictly  circular. 

,  It  o 

within  the  bounding  cylinder  it  is  also  uniform. 

But  this  cylinder  .,,   is   a   function   ol    r,  and 

also  of  '  a-  equal  « s. 

Suppose  that  the  atmosphi 
incuts  everywhere,  the  temperature  being  eve 
same.      Then    /.'.    which  according  to  a  lav. 

-  I  Hydrodynamischt  Unteriuchungen  mit  Anwmdui 
I  -     nenrotation.     Berlin,  1897,  p.  24, 
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N     llo 


[lj  oonfirmed,  does  uol  depend  upon  thi 
is  also  everywhere  the  same,     Hence  =  0,     and  we 


1m  \  e  more  simply 

"::, 

-\ 

{3* 

3  3, 


+ 


In  my  former  paper  1  assui I    ,.      i  onst.,    which  is  the 

case  of  an  incompressible  fluid.     At  present  p  may  be  more 
Jlj  a  l him  t  ii hi  of  r  and   «,  bul   uo1  of  '.  bo  thai  t he 

density  m  nny poinl  of  the  atmosphere  is  in  our  Lnvesti- 

n  supposed  to  remain  constant  for  all  times. 
Let  us  attempt  to  solve  (3)  by  putting 

<h  m   =    e**+* 

where  q,  and  \p  are  functions  of  r  and  z,  to  be  so  deter- 
mined thai  this  expression  becomes  a  solution  of  (3).  Sub- 
stituting (4)  for  w  in  (3),  we  find 


&r   -/-',,       </-V       s     ,hV      dj,  )a     3  (     dm     -dJ,  }  1 


Since  this  must  hold  for  all  values  of  t,  we  find 


(5) 


9q   ,,<</, 


=    —  + 

=  f|iY 


3  9f 

c)r J         r    i>r 

:;  9q 


9r   ,>/■      r  <?r 


The  last  equation  shows  that  <p  can  be  a  function  of  z 
only  =  qr  (z).  It  may  be  any  function  of  z,  and  the  second 
equation  will  then  also  be  verified.  As  condition  for  </*■  we 
find  the  first  equation  (5), 


(6) 

or  putting 

(7) 


dr*^\dr)   T  r  dr         k   ' 


|  <pO)«  =  o 


"A  =  log", 
"'*•'/'      3  9?< 

If,  therefore,  q  (z)  is  any  function  of  z,  and  then  w  is 
found  from  the  equation  (7),  which  involves  two  more  arbi- 
trary functions  of  .~, 


to  =  u  e 


f>i 


is  a  solution  of  (3).  By  making  q  (.-)  successively  equal 
to  different  arbitrary  functions  <r,  (z).  r/2  (.-•),  etc.,  and 
finding  the  general  solution  of  the  corresponding  equation 
(7  i  i.e.,  after  q  has  been  put  equal  to  qr,,  q„,  etc.,  we  can 
find  an  infinity  of  such  solutions,  and  their  sum 

w  =  2~ut  efd 
i  •  also  a  solution  of  (3). 

Equation  (7)  admits  the  singular  point  r  =  0,  and 
according  to  Fucus's  theory  of  linear  differential  equations 
the  determining  fundamental  equation  for  this  point  is 

s(s—V)  +  3s  =  0, 


with  the  roots     s  =  <>     and    .s-  =  —2,    which  proves  that 
the  two  fundamental  solutions  of  (7)  have  the  form 

C  Uj    =    c0  +  '•,  /•  +  '•../'"  +.  .  .  . 

\  d_n     d.       ,         ,  ,    „  . 

/  «,    =     ^  +    j?  +  '<„  +'/,-•+"','••  +  .  .  .  . 

The  ' is  of  no  present  inti 

Li   be ne-  infinite  for     r  —  '».     The  first  can  be  directly 

expressed  as  a  definite  integral.     If  we  denote  by  </-, 


r  =  £*(*) 


V." 


»,W 


(8) 


this  solution  of  (7),  will  be  as  is  found  in  the  classical  text 
books, 

i/   r  COS  ■-' 


"    =     I     *  0 
For  <u  we  will  then  have 


-*o(reos'i   „ 
+  '•  i  sin'XdX 


(9) 


(10) 


where    o,    is  an  arbitrary  function  of  z,  as  is  also  q, . 
The  functions  </,  may   be   complex  quantities,  as    may 

also  ut,  so  that  the  real  part  of  (10),  being  equated  to  <o, 
will  consist  of  such  terms  as 

Aue~ctooBXt     and     Bue~c*ainXt  (11) 

where  A,  B,  c  and  A  are  real  functions  of  z,  and  u  is  a 
function  of  r. 

This  proves  that  periodic  variations  in  <o  are  to  be  ex- 
pected, such  as  Mr.  Louse  has  observed.  But  A,  and 
therefore  the  period  of  such  a  term,  depends  only  on  v, 
not  on  r,  i.e.  for  all  points  of  a  plane  perpendicular  to  the 
axis  of  rotation  the  •period  of  each  term  is  the  same. 

Of  course  we  must  not  conclude  that  the  motion  is  in 
general  a  periodic  one,  i.e.  to  say  that  after  a  certain  period 
1\  m  will  make  exactly  the  same  variations  as  in  the  time 
from  t  =  0  to  t  =  T.  Aside  from  the  existence  of  the 
dampening  factor  e~c~t,  that  could  only  occur  if  the  peri- 
ods of  all  of  the  terms,  of  which  w  is  the  sum.  were  com- 
mensurable. This,  of  course,  is  only  an  exceptional  case. 
But  roughly  speaking  the  motion  will  be  periodic,  not  re- 
curring exactly,  but  at  least  approximately  after  the  lapse 
of  a  certain  time,  or  at  any  rate  oscillating  to  and  fro. 

The  nature  of  these  oscillations  depends  upon  the  mass 
and  figure  of  Jupiter  and  his  atmosphere,  as  well  as  upon 
the  nature  of  the  latter  and  upon  the  initial  conditions  at 
a  given  time  t  =  0.  If  .<i>  =  a>0  =  /(>•)  for  t  =  0  is 
known,  w  is  determined  as  function  of  r  and  t  for  all 
succeeding  time. 

Under  the  conditions  here  supposed  and  also  under  more 
general  circumstances  which  it  is  needless  to  recapitulate 
I  have  shown  in  my  thesis  that  u>  is  a  function  of  /•  and  t 
only  aud  not  of  z.  We  have  seen  however  that  the  pe- 
riods of  the  terms  of  which  w  is  the  sum  can  depend  only 
on  v.  They  must  therefore  be  constants,  i.e.  the  quanti- 
ties denoted  in  (11)  by    c  and  A    are  constants,  so  that  the 
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variations  in    w    must  have  tin-  same  law  for  all  po\ 
the   "tin*,. sphere.      Only   the   coefficients    A  and  B    which 
depend  on  r  will  change  from  spot  to  spot.     This  result  is 
capable  of  being  tested  by  observation. 

The  results  obtained  are,  of  course,  also  applicable   to 
Washington,  B.C.,  1S98  July  2. 


terrestrial  meteorology,  although  tl 

impori  i    to  the  fact  that  the  terrestrial 

phere  is   comparatively  .-hallow.     « >tlif-r   devi 

the  uniform  circular  motion,  which  can  be  treat* 

nds  in  my  possession,  are  probably  more  important  thi 
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r»9.7543 

55.1 

»9.6706 

22. 1 

0.6075 

0.7094 
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0.9154 
9.2791 


Comet   ■  )  Perrtne. 
-2     7.22    j-    1  59.6        4     1  33.93      +7-7   10     t.5    »9.7972       -    - 

COMEl    (/  I   GlAl  "1:1X1. 

-11   56/7      19  46  16.54  |  -22  11    28.8 


Mt  an 

Places  for  1898.0  of  Comparison- Stars. 

* 

a 

app.  place 

S 

tied,  to                                                . 
app.  place                                        auuii 

rity 

1 

h 

21 

38  14.29 

+  0?37 

+22  51    12.9 

_  6.0 

Weisse's  B 1 

o 

.,.. 

8     0.37 

+0.30 

+29    12   18.7 

-  5.2 
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3 

22 

15   12.32 

+0.27 
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-  .'..I 
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1 

22 
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1 

5 

...» 
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+0.20 
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Lund   \  '.    /     es  357, 

6 

22 

58     1.15 
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7 

23 
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—  2  2 
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8 

23 
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-  2.0 

8054 

9 

0 

27  27.69 

+0.15 

+  49  55    19.8 

no 

10 

o 

7  58.26 

j  +  0.36 
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+55  16  15.4 

1 
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11 
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-16.8 
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+4.27 

l  25.4 

18.0 

591 

11 

1 

6  39.61 

+  1...I 

+  7.7   11  59.6 

4-   1.5 
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ELEMENTS   AND    EPHEMERIS   OF   COMET g  1898  (giacobini)  , 

Bl    WILLIAM  J,   HUSSEY. 


From  the  Nice  observation  of  June  19  aud  Mt.  Hamil- 
ton observations  of  June  23  and  27,  I  have  computed  the 
follow  iug  eli  his  cornel  : 

T  =   1898  July  25.84828  Gr.  M.T. 


«,  =     22  41   26.5 
Q,  =  278   17  30 
;  =   L66  50  58.1 

logy  =  0.175956 


.6) 

3     L898 


0~C:      IX  cos/3  =        L".8 
Mi.  Hamilton,  Cal,  L898  July  2. 


Jy3  =   +  !'".!. 


( !oxsa  \\  i s   fob    i  in    Eqi   LTOE  Ol     I 

.,•  =  r[9.988706]  uin(t;+194  L0  I  LO) 
y  =  r  [9.970315]  sin?i;+279  6  L8.7) 
*  =   »•  [9.625766]  sin(w+313  53  58.2) 


EPHEMERIS    FOR    «  rBJ  I  tfWII  II    M  II'M 


Gr.  M.T. 
1898  July 


1.5 
8.5 
12.5 
16.5 
20.5 
24.5 
28.5 


True  a 

Hi  46  33* 

15  53  18 

15  17  16 

14  51  2 

II  31  52 

14   17  39 

1  I      6  .".7 


True  o 

-18  7,.s 

-  II  54.8 
12  :;.:; 

-  9  14.5 

-  7  56.9 

-  6  33.9 
5  29.7 


.,iii. 

log  A 

9.754 
9.803 
9.861 
9.919 
9.975 
0.026 
0.073 


ELEMENTS   AND  EPHEMERIS  OF  COMET  e  1898  (perbine), 

By  C.   1).  PERRINE. 


From  my  observations  of  this  comet  on  June  17.  2 1 
and  July  1.  I  have  obtained  the  following  system  of  ele- 
ments : 

T  =   L898  Augusl  16.23874  Gr  M.T. 

w  =  205  12   L8*2  | 

SI  =  259  1"   16.4  -  1898.0 

i  =     7i>     0  10.8) 

logy  =  9.800186 

O-C:     JXcos/3  =  -2".5     ,     J/3  =  +  4".0 
Constants   fob  the  Equator  of  1898.0 

x  =  r [9.585297]  sin(175  59  L8+v) 
,,  =  r[9.999854]  sin,  89  32  31.0+v) 
z  =  r[9.965361]  sin  (180     9  29.9+i>) 

Ephemeris  for  Greenwich   Mean  Midnight. 


True  a 


True  8 


July  L6.5 

6  17    18 

+43     2.5 

IS..", 

26  15 

41  24.3 

20.5 

::|   30 

39   11.1 

22.5 

42  33 

.",7  53.8 

24.5 

50  25 

36     1.1 

26.5 

6  58     9 

:;t     3.7 

28.5 

7     5    1 5 

32     1.6 

30.5 

i:;   17, 

29  54.6 

Aug.    1.5 

20    12 

27    12.7 

3.5 

28     8 

IT,    IV,.  1 

5.5 

:;.-,  ;;.", 

23     5.0 

7.7, 

13     0 

I'd  39.8 

9.5 

50  31 

is   L0.8 

L1.5 

7  58     7 

+  15  38.0 

lo".  A 


0.2184 


0.2094 


0.2007 


0.1921 


n.lS:;:i 


0.17G2 


0.1692 


Br. 
3.39 
4.01 
4.74 
5.56 
6.47 
7.39 


h» 


Sept 


Br. 

1.36 

o.s.-, 
0.52 
0.33 


18 

True  a 

True  8 

log.  A 

Br. 

13.5 

1,      i 

S      7, 

1         S 

50 

+  13°    1M 

0.1631 

S.83 

15.5 

13 

c; 

lo  23.4 

17.7, 

i'l 

17, 

7   13.0 

0.1584 

O.i  is 

T.i. 7, 

29 

58 

7,      1.7 

21.5 

38 

i'l 

+    1'   l'i  i.l' 

n.17,7,1 

8.94 

23.5 

46 

56 

-   0  21.0 

25.5 

s  55 

41 

:;     l.o 

0.1546 

S.  11' 

27.5 

9     4 

II 

5  38.8 

29.5 

13 

56 

8  13.9 

0.1564 

7.63 

31.5 

23 

18 

10  45.4 

2.5 

32 

7,1 

13  11'. s 

0.1607 

6.71 

4.7, 

41' 

34 

15  35.2 

6.5 

0   7,1' 

26 

17  7,1'.  1 

0.1678 

5.76 

8.7, 

10     2 

I'd 

I'o     3.9 

10.5 

12 

32 

I'l'     '.i.  1 

0.1773 

L87 

11'.--. 

.,•, 

43 

24     s.| 

14.5 

32 

58 

26     1.0 

0.1S90 

4.07 

16.5 

43 

16 

27  47.2 

is.;, 

10  53 

36 

29  27.0 

0.21  HI 

3.38 

l'n.7, 

1 1      3 

.-,7, 

31     0.3 

22.5 

14 

13 

31'  1-7.4 

0.2171 

2.80 

24.5 

24 

29 

33  48.3 

26.5 

34 

41 

35     3.3 

0.2327 

2.32 

28.5 

44 

49 

36  12.6 

30.5 

11   54 

7,0 

37   Hi. 7, 

0.2489 

1.93 

2.5 

12     4 

4C> 

38  17,.3 

4.5 

12  14 

32 

-31!     9.3 

0.2654 

1.60 

Oct. 


The  unit  of  brightness  is  that  at  discovery. 

The  comet  is  growing  brighter  and  a  faint  nucleus 

-•-en. 
Mount  Hamilton,  California,  189S  July  11. 
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Epoch  -  1898.0  Greenwich  M.T. 


THE   ORBIT   OF  THE  SATELLITE   OF    NEPTUNE, 

By  a.  ii all. 
The  elaborate  series  of  measurements  of  the  satellite  of 
Neptune  made  by  Professor  Barnard  with  the  40-inch 
glass  of  the  Yerkes  Observatory  (A.J.,  No.  136),  has  led  me 
to  compare  my  elements  of  this  satellite,  computed  in  1883, 
with  these  observations,  and  to  determine  the  corrections 
to  the  elements.  The  motion  of  the  planet  in  fifteen  years 
has  made  the  apparent  orbit  of  the  satellite  more  favorable 
for  the  determination  of  some  of  the  elements.  The  orbit  Eor 
1883.0  was  brought  forward  to  1898.0  by  means  of  the 
daily  motion  of  the  satellite,  n  =  61°.25742,  and  the 
motion  of  the  orbit-plane  pointed  out  by  Maktii.  In  this 
way  the  elements  were  found  to  be 


u  = 

J  = 

N  = 

n  = 


742 


adp 


308  .60 

117  .80 
186  .50 
61 

a  =   16".30 
The  value  of  a  is  for  the  distance  of  the  planet  30.07<>.". 
The  times  of  the  observations  were  reduced  to  Green- 
wich, and  corrected   for  alienation.     The  results  ol 
paring  with  the  above  elements  are  given  in  the  folli 
table,  the  differences  being  in  the  sense  calculated  m  a 
1  position. 

sdp  ds 


1897  Sepl 

14 

16 

38.2 

-  0.09 

16  51.7 

-0.11 

1898  Jan.    16 

12  7,7..". 

-0.07 

13     8.5 

-0.11 

L'ii 

17 

36.2 

+0  07 

17  43.4 

—0.02 

17 

1  1     13.8 

+0.35 

11  53.2 

-0.15 

22 

17 

8.8 

+  0.17. 

17   16.1 

+0.32 

18 

9  50.9 

+0.33 

10 

+0.19 

24 

IS 

26.9 

+0.03 

18  32.4 

•o|| 

23 

9   18.6 

+0.58 

9   7,7.7 

0.00 

26 

n; 

.-,4.2 

+  0.17. 

If,  59.6 

+  0.02 

27 

13     2.4 

(-0.34 

13     9.6 

+0.16 

Oct. 

•'! 

16 

35.3 

+  0.07 

\i\    ll.s 

—0.03 

Feb.    23 

10  26.3 

-0.12 

10  32.2 

o.oo 

6 

17 

■17.7 

—0.09 

17  r^Kt; 

+0.34 

26 

9  53.8 

+0.32 

10     2.4 

+0.04 

8 

15 

59. 1 

-i  0.12 

16     6.7 

-  0.30 

Mar.     2 

|o     9.8 

+0.01 

10  16.3 

+0.18 

L2 

15 

30.2 

+0.26 

17.  38.7 

+  0.27 

5 

8  52.1 

+0.01 

8  58.2 

+  O.I  IS 

1  l 

15 

30.4 

+  0.17. 

15  37.7 

I  0.50 

6 

8   15.9 

+0.17 

B  51.3 

! 

25 

15 

6.6 

+  0.36 

15  13.3 

1  0.27 

7 

8  39.3 

-0.02 

8    15.4 

+0.25 

26 

1  1 

1.1 

—0.09 

1  1     6.7 

+0.19 

13 

8   ill 

+0.09 

8  57  l 

+0.10 

Nov. 

2 

15 

U.6 

+  O.IO 

15   19.3 

+  o.ol 

13 

9  27,. 7 

-0.21 

9  29.8 

-0.12 

9 

17 

37.5 

-O.OI 

17   16.0 

+0.21 

1  1 

8  69  ■'■ 

-0.15 

9   lis 

.... 

1:: 

7.S 

-0.04 

13  13.7 

+  0.61 

15 

8  56.0 

0.17 

0     3.3 

. 

23 

13 

26.  1 

-0.32 

13  .••■•7  1 

+0.44 

19 

8  56.7 

0.38 

9     4.9 

+0.13 

Dec. 

6 

17 

9.9 

+  0.1  1 

17   19.8 

ii  ■:<; 

23 

9     6.8 

+0.16 

9   17.1 

0.11 

7 

16 

27.7 

0.30 

16  38.2 

+  0.17. 

23 

9  35.6 

9    13.0 

L'o 

16 

15.3 

-0.10 

16  7.7.:; 

+0.29 

29 

9  20  8 

+0.10 

9  26  8 

21 

1  1 

27.5 

-0.24 

1  1  38.2 

+0.38 

Apr.      1 

9   19.4 

9  57  8 

27. 

12 

3.8 

+0.05 

11-    17.1 

0.01 

9  39.0 

+0.43 

9   17.6 

26 

11 

8.0 

+  0.17. 

11    15.8 

0.01 

3 

9  29.4 

27 

11 

27.0 

t-0.09 

1 1   33.8 

I  ii  L6 

7. 

9  34.3 

-0.04 

• 

29 

11 

2.3 

0.15 

11    10.6 

11 

9    13.2 

9    18.6 

1898  Jan. 

1 

9 

53.0 

(  o.l  I 

10     0.0 

+0.06 

20 

lo      12 

2 

12 
15 

L3.8 

2.1 

0.16 
+0.76 

12   19.0 
15  12.0 

+0.36 
0.02 

9  31.8 

-0.04 

An  inspection  of  the  above    residua  tions  of  condition  were  computed  by  the  formulas  of  Martb, 

asMuued  orbit  is  nearly  right.     The  coefficients  of  the  equa-  I  whicrfhavi  I 
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t/j,  =  +  r  sin  t  .  du  +  [r  sin  r  cos  -/  +  r  cos  t  cos  «  sin  ./ 1  .  dN 

—  r  cos  t  sin  u  .  '/•/  —  /■  sin  r  cos  u  .  '_'<■  sin  Q  +  r  sin  r  Bin  u  .  2«  cos  (^ 
i/.s-  =   +  r  cos«r  cost  .  du  +  r  cos<r  sinp  cos  8  .  diV  *   r  cos<r  sinr  sin»  .  <&7 


_        /■  I-, i     ,r  I'll     r   CM. 


u  +H  sinw    .  2e  sin  Q  -t  I  r  cos <r  cost  sin «      i;  cos  u  1 .  2e  cos  ','  +  s . 


<r  and  t  arc  the  auxiliary  angles  of  Marth,  e  is  the  eccen- 
of  the  orbit,  and  Q  is  the  angle  of  the  line  of  apsides. 
The  observations  were  made  during  an  unfavorable  season 
of  the  year,  and  the  notes  indicate  difficulties  in  observing, 
but  usually  more  time  and  care  are  given  to  such  cases,  and 


I  have  assigned  the  weight  unity  to  each  ol  the  observations. 
Reducing  the  106  equations  of  condition  by  the  method  of 
least  squares  the  normal  equations  arc  as  follows:  where 


v  =  2esin  Q  :     £  =  2e  cos  Q, 


+  ion  n;.o  .  ,/„  _  is:;:.:,  .  ,/X-  1568.2  .  dJ-  :;.v.».  i 


+  2848.2  .  dN+    348.6  .  dJ+     I  1.5 


33.0.  £  - 


J6.8.^ 


56.81    =  0 


Km..- 


+  4850.9  .  dJ-   150.6  .  ,, 


41.8 .  £  - 


448.0 


(/a 


-    23.42 


5464.6  . 


du 


36.38  =  0 


f  1062.7  .  ,,  4-  1289.2.  i  -      121. 


^-14.98 


The  solution  of  these  equations  gives 


og  du  —  7.94205  and  hence   dn  = 

+     0.50 

±   0.093 

••  dN  =  8.09937                      dN  = 

+     0.72 

±  0.168 

»    -/•/  -   7.79393                     dJ  = 

+     0.36 

±  0.1  15 

»      v  =  7.81885                       f(>  = 

134.91 

±12.44 

"      £  =  7.81742k                      e  = 

0.004652 

±0.001011 

da         -  .--.or 

16".224 

±0".0280 

The  sum  of  the  squares  of  the  residuals  is  reduced  from 

[»»]   =  6.4075     to     [nn .  6]   =  4.67G6 

and  the  probable  error  of  a  single  observation  is  ±0".146. 
The  observations  are  very  good.  It  has  been  necessary  to 
reduce  the  observed  distances  to  the  times  of  the  angles, 
and  although  this  is  easily  done  by  means  of  the  coefficients 
in  the  equations  of  condition,  this  reduction  can  generally 
be  avoided  by  a  simple  and  symmetrical  arrangement  of 
the  observations.  The  eccentricity  is  very  small,  as  in  all 
the  previous  determinations,  and  for  an  ephemeris  it  may 
be  put  equal  to  zero.  The  position  of  the  line  of  apsides 
is  of  course  uncertain.  For  the  mass  of  the  planet  from 
Professor  Barnard's  measurements  we  have  from  the  value 
of  a,  and  the  mean  motion  of  the  planet  and  satellite, 

.Mass  of  Neptune  =  „„^, — — r- 
'  19597  ± 101 

I  am  indebted  to  Professor  S.  J.  Brown  of  the  Naval 
Observatory  for  the  communication  of  data  to  which  I  have 
not  access  at  this  place.  Bycomparison  with  the  positions 
of  the  orbit  plane  found  by  Bond,  Lasseli,,  and  O.  Struve, 
and  assuming  the  motion  to  be  uniform,  the  annual  vari- 
ations of  N  and  J  are  as  follows  : 
Gunstock,  Conn.,  1898  July  13. 


+8514.7 


325.3 


r  10092.3 


da 


+  47.12   =  0 


da 


.81 


AN  =    +0°1<;4 


A  J  =    -0M59 


The  values  found  by  H.  Strttve  are  +0°.148,  and 
—  0°.1G5.     Hence  the  new  orbit  of  the  satellite  is 

Epoch  =  1898.0  Greenwich  M.T. 

u   =  309.10 

,/  =  118.16  -  0M59 .  (t— 1898) 
N  =   187.22   +   0M64.  (Y-1S98) 
Q  =   134.91    ±12°.44 
e  =       0.004652    ±0.001011 
a   =    16".224 

Marth  first  called  attention  to  the  interesting  motion  of 
the  orbit  plane  of  this  satellite,  which  became  evident  after 
the  publication  of  my  orbit  of  1883.  Tisserand  and  New- 
comb  pointed  out  that  this  motion  is  probably  caused  by 
an  equatorial  bulging  of  the  planet.  The  observations  in- 
dicate that  the  motion  is  uniform  with  the  time,  and  when 
they  have  been  extended  over  many  years  the  position  of 
the  equator  of  the  planet  will  be  determined  by  this  motion. 
But  the  motion  is  slow,  and  at  the  present  time  assump- 
tions have  to  be  made  on  the  physical  constitution  of  the 
planet,  and  on  the  centrifugal  force  at  its  equator,  so  that 
only  wide  and  uncertain  limits  can  be  found  for  the  flatten- 
ing of  the  planet,  and  the  time  of  its  axial  rotation.  But 
these  circumstances  make  the  orbit  of  this  satellite  an 
interesting  one.  Observations  can  be  made  in  the  coming 
year  under  good  conditions,  since  the  apparent  orbit  is 
opening.  Each  observer,  however,  should  make  a  complete 
and  careful  series  of  measurements,  as  Professor  Barnard 
has  done,  since  sporadic  observations  are  of  little  value. 
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F  LONG-PEEIOD  YAKIABLES, 

By  .1.   A. 

I'AKKIIUR 

ST. 

The  following  observations  were  made  with  the  6.2-inch 
Brashear  reflector,  except  that  the  last  two  (June)  compar- 
isons for  RTaaA  I!'/.  Cygni, and  V  Delphini  were  made  with 
the  12-inch  refractor  of  the  Yerkes  Observatory,  but  in 
no  case  would  the  change  of  instruments  affect  the  date 
or  magnitude  of  the  maximum  or  minimum. 

078.      U  Persei. 
Since  the  maximum  reported  in  A.J.  426  I  have  16  ob- 
servations between  1897  Dec,  29  and  1808  May  21.     The 


star  followed  the  usual  curve,  falling  from  8*. 7  to  a  mini- 
mum, 11M.8.  March  26.  From  five  minima  which  I  have 
observed  since  1893  the  interval  M—m  averages  417  days. 

2404.     X  Gem  inomm. 

I  have  21  observations  of  this  star  between  189S  Jan.  4 
and  May  25.  It  fell  steadily  from  9M.l  to  a  well  marked 
minimum,  11".75,  March  7,  then  rose  to  9M.0  at  the  last 
observation,  after  which  it  was  lost  in  the  evening  twilight.. 
The  rise  during  May  was  about  as  rapid  as  in  April. 


X°-  441 


THE     ASTRONOMICAL     JOURNAL. 


281 5.      I    Geminorum. 
The  following  observations  of  the  May  maximum 
secured. 

Gr.  Time.  Gr.  Time. 

1898  April  26.60     <13"       I  1898  May    11.59         11M.0 
May      7.58  9.85    |  16.62     <13 

Taken    in   connection  with    the    observations    of     Mr. 
Zaccheus    Daniel,    published    in   Popular  Astronon 
June,  1898,  page  248,  it  appears  that  the   maximum    oc- 
curred about  -May  6. 

4471.     T  Canum    Venatusorum. 
A  series  of  sixteen  observations,  beginning  1897  I  >ct.  25 
and  ending  1898  May  21,  show  a  maximum  at  8K.6,  1898 

I         l'i>.     The  curve  was  rather  flat  at  maximum  and  the 
time  say  10  or  15    days  in    error.       A    comparison    with 
last  season's  observations  {A.J.  426)  suggest  a  period  of 
nine  or  ten  months.    The  magnitudes  were  11*.0  and 
at  the  first  and  last  dates  respectively. 

5601.     S  Ursae  minoris. 

This  star  fell  from  8M.7,  1897  Dec.  29,  to  a  minimum, 
11M.3,  1898  April  14,  then  rose  to  9M.3  at  the  last  obser- 
vation, June  1  7. 

5798.     EU  Herculis. 

After  the  minimum  recorded  in  A.J.  426  this  star  rose 
rapidly  to  a  well  defined  maximum.  8K.5,  1898  March  13, 
then  fell  more  slowly  to  9M.8,  .May  16.  I  have  11  observa- 
tions between  1898  Jan.  IS  and  May  1ti.  At  maximum  it 
was  about  equal  to  DM.  +25°.'!03G  and  3042,  and  fainter 
than  +25°3031. 

6100.     RV  Herculis. 

This  star  has  been  followed  closely  since  the  minimum 
recorded  in  A.J.  434,  and  a  maximum  observed  al  9".75, 
1898  March  12  (possibly  1"  days  earlier).  The  last  obser- 
vation with  the  (i. 2-inch  was  May  7.  at  12*.5,  at  which  time 
the  fall  was  rapid.  The  interval  between  the  descending 
Terkes  Obsertatory,  1898  July  8. 


branches  of  the  light  curves  at  the   la>:  aa    is 

about  213  days. 

7085.      I: 
\     eries        L7  i 
1898  J         2  maximum  at  7V.1.">.  1- 

uncertain  by  perhaps  10  days),  and  a  well  defined  minimum, 
at  11M.7.  May  23.     At  the  last  obs  ir  had 

risen  to  10". 0. 

7458.      V  : 
After  the  maximum  of  1896   November  (A.J.  N 
.7.14  and  397),  I  followed  it  till  1897  Jan.  28,  find 

observation.     It  was  looked  for  without 

1897  May.  July.  A.ug.  and  Oct.,  and  1>'.,S  Feb.  and 
March,  and  was  glimpsed  uncertainly  at    12". 2  M 

Four  comparisons  were  then   secured  up  to  June.' 
resulting  curve    a.  th    the   ephemeris    maximum,. 

1  898  May  12.  The  observations  were  too  few  to  determine 
the  magnitude  at  maximum. 

7492.     /,•/'. 
A  fairly  defined  maximum,  at  10".5,  is  indical 
March  7,  by  15  observations  b  L897  Oct.  19 

June  25.  The  rise  was  a  little  faster  than  the  decline,  and 
the  magnitudes  at  first  and  last  dates  were  12M.7  and  1 1  ".8, 
respectively. 

771'-       SS  C%  qui. 
The  "long"'  maximum  recorded  in  A.J.  4.'!4  fl 
by  a  4  l-da\    period  of  normal  light.     The  star  th<  i 

1898  March    20,   a   maximum   at  8".5  was 
March  22.6,  and  normal  light  was  reached  April  2.  \ 
atypical  "short"  maximum.     This  was  followed  h 
day  period  of  normal  light,  ending  May  17  with  a  risi 
maximum.  S"..">.  which  v.  ':.,-.  si::.      Normal  light 
was  reached  June  6.  giving  a  typical  "long"  maximum, 
lasting  20   days.      These   two  maxima  wi  by  16 
observations. 


PRESENT   ROTATION-PERIOD  OF  THE   FIRST    SATELLITE  OF    JUPITER   AND 
ITS  CHANGE    EN    FORM    AND    PERIOD   SINCE    L892, 

Bv  A.  E.   DOUG]   LSS 


Observations  of  this  satellite,  made  in  tin-  last  two  weeks, 
entirely   confirm   the   period   of    rot  ned    by    the 

writer  a  year  ago,  I2h  25m.8,  and  recently  communicated  to 
the  Astronomische  Nachrichten.     The    period    is  obi 
front  the  changes  in  form  of  the  satellite,  Such  as  were  firsl 
i\   Professor  W.  H.  Pickbki*  !         tipa,  in 

1892.     The  method  now  used  in  measuring  the  oblal 
is  his,  and  consists  in  a  constant  comparisot  i  scopic 

with  a  ••  scale  of  ellipt icit ies "  fastened  to  th 
scope-tube  at  a  suitable  distance    from  the  eye.     (are    is 


taken  that  the  conditions  oi   viewing  the  scale  simul 

•  •  the  conditions   of   observation   at    the 

I  of  black  cardboard,  with  a  s. 

white  paper  ellipsi  ipon  it.     Each  ellipse  has  a 

eter  of  10mm.;   their  equatorial  dii 
crease  by  intervals  of  0.4mm.  in  succession  from  9.6mm. 
to  I5.2min.     In  numerical    quantity    t 

given  form,  the   polar  diamet  tantly 

loo.  and  it  is  only  necessary  to  record  the  equatorial  diam- 
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etet  "ii  thai    basi        I  ;      .  form   LOO  is  a  perfect 

form  L20  has  tb piatorial  diameter  20  pei  i 

than  the  polar. 

In  L892  and  L893,  Professor  Pn  ki  bikg  did  not  use  tins 
scale,  but  at  thai  time  the  phase  of  minimum  ellipticity 
was  almost  a  perfect  circle,  and   as  the  circular   form  is 

ithin  ]  '.  ery  definite  to  observe,  he  obtained  very  pi 

results.  His  period  was  I3h  3m  9"  or  25',  and  his  range  of 
ellipticity  wasfrom  LOO  to  110.  His  observations  obtained 
with  the  scale  in  L894,  nol  yel  rigorously  reduced,  proved 
the  period  to  be  approximately  the  same  at  thai  time,  and 
the  range  of  ellipticities  to  extend,  roughly,  from  L08  to  L20. 
Observations  by  the  writer,  at  Mexico,  in  the  spring  of 
L897,  though  nol  made  specially  for  this  purpose,  disclosed, 
on  reduction,  h  period  of  L2*  25ra.8,  and  a  range  of  elliptici- 
rom   II"'  to  L25.     A  slighl    feeling  thai   there  was  a 

chance   £ rror  in  this   result    was  felt  until  the  present 

observations  proved  the  present  period  to  be  closely  L2h  25m, 
and  the  range  of  ellipticity  to  be  from  1 1-  to  1-1.  These 
ations  have  been  made  for  the  purpose  of  determin- 
ing this  period;  the  minima  have  been  extremely  well 
marked,  and  the  time  of  each  depends  upon  lifteen  to 
twenty  comparisons  distributed  within  the  sixty  to  eighty 
minutes  of  rapid  change.  Therefore,  it  apparently  becomes 
known  to  within  a  minute  or  two,  but  the  very  latest  ob- 
servations show  that  the  period  may  be  even  shorter,  a  fact 
hard  to  explain,  unless  it  is  undergoing  some  further  change, 
or  is  subject  to  a  regular  fluctuation. 


The    first     minimum    obtained    was    l.S'.I.S    April    27'    17 
6    5  ii  M.T.;    the  second  wae   May   7.    i:    3B".0;    • 

and    a    half    rotations    between     these    dates   give   a    period 

of  1  -1'  -'<"■.  1 .  The  third  minimum  was  On  May  6d  18h  26  5, 
giving  from  the  day  before  a  period  of  1-    25°  8,  bul   the 

Eourtl e  observed  was  on   May  l"1  L5h  9m.5, giving  from 

the  preceding  a  period  of  L2°  L'  1 '". 7.  This  either  indicates 
a  change  in  the  period,  or  some  error  of  observation,  but, 
even  if  it  is  the  latter,  a  close  agreement  with  this  satellite's 
period  in  L897  remains. 

This,  then,  is  the  most  rapi't  change  in  rotation-period  of 
a  heavenly  body  yet  discovered.  The  only  other  known 
change  has  occurred  in  the  equatorial  zones  of  the  planel 
Jupiter,  whose  period  now  seems  to  be  a  fraction  of  a  min- 
ute longer  than  in   L879. 

The  evidence  of  Change  ill   form  of  tins  satellite  is  not   30 

"orthodox"  in  character,  yet  there  can  be  no  question  about 
the  circular  form  occurring  in  IS'.IL'-.'!,  and  there  is  ao ques- 
tion now  but  that,  during  its  minimum  phase,  it  is  never 
seen  to  become  anything  less  than  conspicuously  elliptical. 
There  is  some  evidence  that  it  has  diminished  markedly 
in  mean  diameter  since  L892  3,  which  will  be  discussed 
when  new  evidence  is  obtained  to  confirm  or  deny  it.  If 
such  diminution  has  occurred  it  will  help  vastly  in  explain- 
ing by  known  mechanical  law-s  the  other  changes  already 
observed. 

Lowell  Observatory,  Flagstaff,  Arizona,   1S98  May  12. 


NOTES   ON   VARIABLE   STAKS,  —  Ko.  25, 

By    HENRY    M.    PARKHURST. 
ReSI  i.rs    or    OBSERVATIONS. 


Observed  Date 

No. 

Star 

Phase 

F. 

Corr. 

W 

Mag. 

Factors 

Remarks 

Julian 

Calendar 

1897-118 

a 

2404 

X  Geminorum 

Min. 

4388 

Apr.     8 

- 

- 

2p 

- 

- 

- 

- 

Magnitudes  provisional 

2478 

R  Lyncis 

Min. 

L320: 

Jan.  30 : 

23 

-59: 

1 

- 

- 

- 

- 

Invisible  more  than  3  months 

2539 

R  <  'anis  min. 

Max. 

4274 

Dec.  15 

42 

+   2 

5p 

7.s 

- 

- 

- 

Very  lung  intervals 

2625 

V  Geminorum 

Max. 

1375 

Mar.  26 

24 

-  3 

9 

8.93 

0.85 

0.60 

24 

2684 

S  Canis  min. 

Min, 

L369 

Mar.  20 

39 

+  10 

8 

11.92 

1.64 

2.30 

57 

■:<:s\i 

Z    I'll // /lis 

.Max. 

4001 

Mar.  17 

- 

- 

3 

8.21 

0.50 

0.50 

17 

1897.     See  A.J.  42S 

" 

" 

Min. 

1344 

Feb.  23 

- 

_ 

9 

10.97 

0.68 

1.40 

30 

.. 

u 

Min. 

L339 

Feb.  IS 

_ 

_ 

6p 

11.1 

- 

- 

- 

2690 

-V  Puppis 

Max. 

4344 

Feb.  23 

- 

- 

3 

8.3 

- 

- 

- 

An  uncertain  maximum 

2946 

li  I  'ancri 

Max. 

4263 

Dec.     4 

46 

-   4 

6p 

6.7 

- 

- 

- 

Very  long  intervals 

2976 

"■i  i 

Max. 

1361 

Mar.  12 

36 

_  2 

9 

7.86 

4.0 

2.0 

28 

Curve  flat  for  40  days 

306  l 

nci'i 

Max. 

44  IS 

May    8 

54 

-14 

9 

8.92 

0.58 

0.81 

15 

3170 

S  II ■'■ 

Miu. 

4374 

Mar.  25 

59 

-19: 

1 

_ 

- 

- 

- 

3184 

/'  Hydrae 

Min. 

4323  : 

Feb.        2 

7.1 

_ 

E 

- 

- 

_ 

- 

Assumed  midway 

3264 

W  i  'ancri 

Max. 

4381 

Apr.      1 

7 

+  20 

6 

9.8 

- 

- 

-      Perhaps  earlier 

3493 

R  Leonis 

Min. 

1374 

Mar.  25 

165 

-   1 

8p 

9.86 

2.0 

3.0 

45 

3518 

1   Hydrae 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

A.J.  391'.     Diminishing 

3567 

V  Leonis 

Max. 

4277 

Dec.  18 

21 

-  8 

3 

- 

- 

- 

- 

Approx.  from  factors       [Catal. 

3890 

W  Leonis 

Max. 

1299 

Jan.    8 

24 

- 

E 

- 

- 

- 

- 

Much  earlier  than  my  ele.  Second 

3994 

S  Leon  is 

.Max. 

1397 

Apr.  17 

72 

-51 

6 

L0.5 

- 

- 

- 

Correction  increasing 

Max. 

L393 

Apr.  13 

-■> 

-55 

4p 

- 

- 

- 

- 

Interpolation  with  my  factors 

N°-441 
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Individual  <  >i;-r.i;\  ations. 

Including  Observations  by  akthi  ic  <     PBEBT. 


2404  X  Gem  inorum. 

Julian     Calendar      Mag. 

4293.5  Jan!*   3      9.8 
4335.5  Feb.    14     10.8 
L363.6    .Mar.  14     11. 1p 
1374.5 
1374.6 

Apr. 
1388.6 
4400.6 
4419..".  May 
4419.6 
4420.6 
4421.6 


25  10.3 

25  11.4p 

-  11.7] 

8  12.0f 
20  11.1  p 

9  10.0:p 
9      9.8 

10      9.03 


11    10.18 
2478  R  Lyneis. 

Continued  from  377.) 

3930.6  Jan.'    5  12.6] 

4221.7  Oct.  23  ll.ii 
4256.6  Nov.  27  11.8 
4285.5  Dec.   27  12.6] 

4306.5  Jan."8 16    13] 

4374.5  Mar.  25    12.1] 

4421.6  May  11     10.9 

2539  R  Canis  min. 

I  i nit, from  403.  Comp. Stars  403 


2625  V  Gemin.  —  Cont.    2689 ZPuppis.—  Cont 

Julian     Calendar      Mag.       Julian     Calendar      Mag. 

1898 

9.2p  4345.5  Feb. 
8.42  1345.6 
147.5 
9.6:p4347.6 
9.84  1358.5  Mar. 
9.8p  1358.6 
9.6p  4363.6 

1365.5 

4374.6 

4380.5 

1388.6  Apr. 


1374.6  Mar. 
1380.5 

1386.5  Apr. 
4388.6 
4393.5 
1400.6 

1419.6  May 
4427.6 


s.'.u 
2684  S  Canis  min. 


(Continued  from  403. 
use 
1333.5  Feb.    12 


21 

24 

26 

26 

9 

9 

14 

16 

25 

31 

8 

13 


10.5 

10.9P 

L1.10. 

L0.9p 

10.7p 

10.51 

L0.8p 

10.89 

10.7p 

L0.76 


11.40. 4393.5 

11.64  4*20.5 

U.80,        2690  ZPuppis.         4421.5 

12  02     Cont.from403.  Comp.Slar- 4i>3    4424.6 

4427.6 


3060  U  Cancri. 

ued  from  4Kl 
Julian      (  alendar       Mag. 

1334.5  : 

4366.5  Mar.   17     12.5] 
ttes 

4374.6  Mar.  25 
1374.6 
4388.6  Apr. 
4396.5 
44(H.O 
4410.6 

1n  -,."  4419.6  May 
1419.6 


3493  /.   i 


4345.5  24 

4363.5  Mar.  14 

4374.6  25 

4393.0  Apr.  13    11.4L4;;;>]G  Fe^ 

4400.5  20    11.81,  1;17,; 

4419.6  May     9    11.4 
4421.6        '  11     11.5: 


2089  ZPuppis. 

1897 

4       S. 
7      8. 


4246.7  Nov.    17 

4253.7  24 

4  25s.  7  29 

4278.6  Dec.    19 

1896 

4306.6  Jan.  16 
4:;  17.fi  Feb.  26 
4363.6  Mar.  14 
1374.6  25 


8.2p 
8.0p 
7.8p 
7.9p 

8.1p 
8.7p 
9.2p 
9.4p 


2625  V  Gemin<ifti in. 

(Continued  from  350.  i 

4334.5  FebTi::  10.1 

1345.5  24  10.20. 

1347.5  26      9.9F 

1355.5  Mar.  6      9.25! 

I.'i.vsc,  9      8.8p 

1363.5  14      9.39. 

4363.6  14  8.4p 
1368.5  19  8.91, 
4374.5  25      9.17 


39SX.0  Mar. 

3991.5 

3991.6 

3994.5 

3994.5 

3996.5 

3998.6 

1005.5 

L005.6 

1010.6 
4012.5 

1013.5 
4014.0 

1016  6  Apr. 

1026.5 

1026.5 

1032.5 

1032.5 

1034.5 

1898 

4330.6  Feb.  9 

4331.0  1" 

4333.5  12 

1333.6  12 
1334.6  13 
4335.5  14 


1358.5  Mar. 
4363.6 
1374  ''I 

1388.6  Apr. 


L0 
26 

9 

1  I 


8.82, 
8.3p 
9.0p 
9.3p 
8.6p 
9.3p 


10 
10 

12 
1  1 
21 
21 
26 
28 
.•J- 
30 
1 
11 
11 
17 
17 
19 


1 
8.3p 

8    15 

8.3r 
8.35 
8.13 


2946  R  Cancri. 

(Continued  from  410.) 

7.2P 
7.1 1- 

6.7p 
7.1p 


4240.7  Nov.  17 

1253.7  24 

1258.7  29 

.;i;  4278.6  Dec.  19 

8.30    1306.6  •) 
3-4r   1347.6  Feb.    26 
1363.6  Mar.  II 
S.74. 
8.6p 
8.6p 
8.62 
8.6p 
8.40 
8.6p 
8.6p 


8.9p 
10.4p 
10.4p 


L0.62 
10.09, 
10.7p 

l  11.". 
11. h- 
L0.78 


2976  V  Cancri. 

(Continued  from  410.J 

1334.5  Fell.    13 

1335.5 

1338.5 

1345.5 

1:355.6  Mar. 

1363.5 

1366.5 

1374.5 

1381.5  Apr. 

1387.5 

1393.5 


1  1 
17 

2  1 
6 

14 

17 

25 

1 


8.1 

7.97, 

7.80 

7.86 

7.92, 

7.80. 

7.95 

7.64 


4440.0 


s 
10 
21 
30 
9 
9 
10 
11 
14 
17 
30 


1 2.5 

11.5:1 

L0.8P 

10.29 

9.64 

9.07 

9.4p 

9.33 

8.56 

• 

10.01 


Julian     Calendar      Mag 

1347.6 

6    Mar 
4363.6 
1374.6 

1400.6 
1419.6  May 

4427.0 


26 
9 

1  I 


3170  S  Hydrae. 

(Continued  from  410.) 
1898 

4331.6  Feb.    10 

1333.5 

4345.5 

1358.5   Mar 

1374.6 

1396.5  Apr.    16 


12 

24 
9 


10.4] 
11.6: 
11.9: 
11.6: 

12.1 
11.83, 


4400.6 


;i    u.72., 


3184   T  Hydrae. 

(Continued  from  410.) 
1898 

4331.6  Feb.    10 

4:::;::. 5  12 

4358.5  Mar.     9 

1366.5  17 

1396.5  Apr.   16 


9.4] 
11.0] 
L2.6 
12.5 

9.90. 


3264   n 


15 


Cont. from 41fl.  Comp.S tare S84 

4334.5  Feb.    13  12  1 

1366.5  Mar.    17  10.1 

4367.5  18  10.02 

1374.5  25  10.21 

8.35J  1380  5  31  9  58 

7.82,  1393.6  Apr.    13  10.48 

8.34    1400.6  20  10.61 


20 
9 

17 


9.7p 
9.9p 
9.6p 

S.'.U- 


551  s   P  Hydrae. 

1363.6  Mar!  11  6.9p 
1388.6  Apr.  8  7.0p 
4419.6  May     9      7.2p 


V  Leonis. 

(Continued  from  410.) 

4258.7    '.  _        in..;,. 

1334.5  Feb!"  13 
4335.5  1 1 

4366.5  Mar.   17 


10.8 
12.9] 


; 

.ued  from  41". 
1898 

1334.6  Feb.    13    IS 
1363.6  Mar.  14    I 
1458.6  June  17    12.1] 

3994  S  Leonis. 

(Continued  froi 


1363.6  Mar. 
1363  7 
1374.6 
1387  5 

1396.6 
1 100.6 

4419.6  May 
4419.0 
1427.6 
1446.6  June 


2684  S  < \i,i, '.<  minoris. 


Star 
K 

X 
5/; 
i  /' 

X 

z 

e 
f 
j 

I 


DM. 
+8  1816 
•  8  1801 
-s  1807 
4-8  1811 
J-s  1799 
4-8  1805 
4y-  X 
3/  X 
2slf  V 
2,1/       / 


Mag. 
7.7S 

8.1  l 
8.43 
9.23 
10.47 
10.41 
11.49 
11.61 
12.39 
12.73 


12 

s 

12 

9 

8 

10 
9 

I 


Star 

1  // 

1/ 

K 

:;.v 

IT 

1  W 

) 

z 
\z 

a 


(  Iompakison-Staes.  — 
2946  R  Cancri. 

DM. 
4-11  1800 
4-11   1796 


1893   18    • 
2976  i 


3567  V  i 


4-111806 
*  1 2  1812 
L804 
+  12  1806 
4-12  1809 
4-12°1805 
4-12  1  mis 
2n2p     \Z 


Mag. 

7.28 

7  64 

7  si 

8.21 

8.99 

9.70 

10.38 

10.49 

10.08 

lull 


8 
6 

1" 
10 


Star 
K 

L 

1/ 

'.' 
/' 
U 

w 

z 

\z 


DM. 
4-18  1923 
4-  is  1927 
4  is  1926 
4-18  1917 
4-17  1823 

4-  IS    1921 

4-17  1826 
-Kis  1922 
4-  is  1918 
6/  W 


Mag. 

:  - 

s  10 

9.39 

9.31 

10.66 

10.52 

10.72 


11 


Star 
/' 
',' 

R 

V 

1  V 

w 

A 

z 

\z 

f 


DM. 
4-22  2160 
4-22  2153 
4-22  2163 

-22  2151 
4-222155 
4-22°2162 
4-22  2158 
f-22  2150 


Mag. 

: 

9.51 

10.59 
10.53 
11.36 


0] 

6 

9p 

l 

10 

. 
3p 
3p 


i 
13 

l 
13 
13 
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THE    DOUBLE   STAR,    MA  YER  86 

a  =  20 


Bl    R.  T. 
The  "uly  measure  "I  this  pair  occurs  in  Professoi   - 
list,  in  A.N. 3496,  col. 282.     Professor  See,  however,  assigns 
its  discover]  fco  Lalande,  and  s,iy>  thai  it  was  also  ob 

double  '">      \  m.l  LAND]  K. 

Two  observations  of  this  star  will  be  found  on  page  177 

of  the  Histoin   (  died    l/ayi  r  841;  one 

aade  on  tin'  L3th,  and  tin-  other  on  the  1Mb  August, 

1795.     There  is  no  note  of  duplicity  to  either  observation, 

winch,  as  reduced  in  the  /•'.   I.  Lalande,  show  differences 

of    0'.03    ainl    l".2    in    i(    and    0.       LalANDK's    telescope    was 

probably  under  three  inches  aperture,  and  nut  achromatic, 

1898  June  24. 


8  =  —16-  67', 

A.    IN\l->. 

mi  not  sun- on  these  points.     It  would  certainly  not 

a  double.     As  f or  Argelander's  obser- 

made  on  tin'  * » 1 1 1  ami  tin-  27th  Septein- 

i»  i.  L849,  ami  undoubtedly  refer  to  tin-  same  star,  as  there 

is  mi  note  lit'  duplicity  on  either  occasion. 

In  other  words,  this  star  as  a  double,  is  certainly  Pro- 

5ei   ■  'ihii  discovery. 
These  remarks  may  save  attempts  to  compute  an  orbit 
at  pre 

There  an-  a  considerable  number  of  somewhal   similar 
cases  in  Professor  See's  valuable  li-t. 


EPHEMERIS  OF  COMET  b  1898  (peiuhxk). 

(Continued  from  No.  4:17,  p.  40), 
Bt  C.   n.  PERRINE. 


Gr.  Mean  MMn't 

True  a 

True  8 

h      i 

S 

' 

Aug.    3.5 

6     0 

is 

+  52 

21.1 

:,.:. 

3 

6 

16.8 

7.:. 

7> 

47 

9.4 

9.5 

8 

22 

52 

2.:; 

11.5 

10 

19 

7.1 

.".:,.  i 

13.5 

13 

9 

48.8 

1.-..7. 

15 

22 

12.6 

17.7. 

17 

2S 

36.4 

19.5 

19 

27 

::n. 7 

21.5 

21 

19 

27.2 

23.5 

2:; 

4 

2ii.il 

25.5 

24 

42 

15.1 

1'7..-. 

26 

12 

L0.5 

29.5 

27 

35 

6.1 

31.5 

6  28 

51 

+  51 

2.0 

0.4573 


0.4597 


0.4602 


0.4591 


Br. 


0.07 


li. ur, 


0.06 


1 1 1 1.", 


Gr.  Menu  Ifidn 

t        True  a 

True  8 

Sept.   2.7, 

0   30      0 

+  50  58.2 

4.5 

:;i     1 

7,1.7 

0.7. 

31        .",.". 

7,1.1 

8.5 

32  41 

48.4 

ln.7, 

33  l'.» 

15.7 

12.7. 

33   io 

13.2 

1  1.7, 

:;i   ll 

ll.o 

16.5 

o  :;4  25 

+  50  39.0 

0.4566 


0.4528 


0.05 


0.05 


Brightness  at  discovery  taken  as  unity. 

The  correction  to  this  ephemeris  on  July  17  was 

O-C:  -7'         +1'.2 

The  comet  is  fading  steadily,  and  is  now  of  about  the 
12th  magnitude. 


Lick  Observatory,  University  of  California,  1898  July  IS. 


ELEMENTS   OF   COMET  c  1898  (coddington), 

By  E.   F.  CODDINGTON. 


From  Mt.  Hamilton  observations  of  June  11,  18,  and  20, 
1  have  computed  the  following  elements  of  this  comet. 
Tin'  mean  of  three  observations  was  used  in  forming  the 
middle  place,  ami  the  mean  of  two  observations  for  the 
last  place. 

T  =  1898  Sept.  L3.97347  Gr.  M.T. 

«,  =  233°  10  :!1\4 
&  =     7:;  .v..  19.8  '  lsos.o 
i  =     C,-.i  56    17.:; 

:q   =  0.231 178 


los 


O-C:     JA.cos/3  =  +4".7 

Constants  foe  the  E<.t 

x  =  /■  [0.033249]  sin(r  + 
y  =  r  [9.967249]  sin(«+ 
z    =   r  [9.990067]  sin  (r  + 

Mt.  Hamilton,  189S  July  8. 


,     J/3  =  +1" 

ATOK,    1. SOS. I  I 

13°  15  :;.oi 
341  12  33.6) 
256  13     1.2) 
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ON  THE  DEVELOPMENT  OF  THE  PERTURBATIVE  FUNCTION 

OF  THE  MEAN  ANOMALIES, 

Kv  AI.KXANDKK   S.  CHESSIN. 


IX    TERMS 


A  few  years  ago,  while  the  author  was  computing  for  the 
use  of  Professor  New<  omb's  Astronomical  Tables  he  imt  iced 
that  there  existed  certain  simple  linear  relations  between 
the  several  terms  of  the  perturbative  function,  the  develop- 
ment then  used  being  that  of  LkYekkiki;.  This  discovery 
led  to  an  investigation  the  result  of  which  was  the  estab- 
lishment by  the  author  of  the  relations  in  question  for 
the  development  of  the  perturbative  function  in  terms 
of  eccentric  anomalies  as  given  by  Professor  Mew- 
comb  in  the  third  volume  of  his  Astronomical  I 
These  relations  are  given  in  No.  332  of  this  Journal  (1894 
December  21).  The  author  had  occasion  to  apply  them, 
ami  found  that  they  reduce  the  actual  work  of  computing 
the  terms  of  the  perturbative  function  to  about  one-fourth 
or  one-fifth  of  what  it  would  be  without  their  use.  The 
importance  of  this  economy  of  work  is  such  that  the  author 
sought  to  establish  similar  relations  for  the  development 
of  the  perturbative  function  in  terms  of  the  mean  anomalies 
which  is  more  commonly  used.  The  result  is  partly  given 
below.  The  formulas  are  more  complicated  than  those  in 
the  case  of  a  development  in  eccentric  anomalies.  Bui  if 
we  consider  that  it  is  necessary  to  pass  from  the  latter 
development  to  one  in  terms  of  the  mean  anomalies  by 
Besselian  transformations,  it  will  appear  thai  the  total  re- 
duction of  work  is  fully  as  great  in  the  present  case  as  in 
that  previously  discussed.  It  may  be  well  to  state  that  the 
method  given  below  applies  as  well  to  la  \  i  i.km  r's develop- 
ment as  to  thai  given  by  Professor  Newoomb.  The  lat- 
ter, however,  presents  an  advantage  i"i  our  purposes, 
namely,  it  fixes  the  place  of  each  term  in  the  developmenl 
by  certain  indices,  which  facilitates  the  discover}  ol  an] 
relation  which  maj  exist  between  the  different  terms,  while 

the    plaee   ,,|    a   term    ill    LeVeKRJ  EK'S  de\  i  !i .[  iment    is  indi- 
cated by  an  irrelevant  number.     Therefore  Professor  N  i  « - 

mil  r.'s  development    {As/  minini  tea  I   /'n/iers,  Vol.  V,  1'ait   li 

has  been  select  ed  for  the  application  of  the  method  as  given 

below.      It  is  to  be  hoped  that  with  the  present  modification 


Professor  Newcomb's  developmenl  will  gain  another  point 
other  similar  developmi 

Bi  i-rly  stated  the  proposition  is  as  follows: 

The  gem  ral  term   in  the  d 
function  being  of  the  fori 

ene' "'  P£  £,  cos  (nX  +  v\'  +  »<  £  +  „,  c  t 

we  need  only  to  compute  directly  those  terms  V       for  which 

n  ==  in     and     n'  =  m'. 

obtained  by  means  of  linear  expressions  in  the     1'         with 

coefficients  that  are  easily  "W  quickly  <■<>/„ ; 

By  means  of  a  similar  process  we  may  dispense  with  the 
direct    computation    of  the   di  DP  Thus  the 

work  of  computation  is  reduced  to  only  abot  I 
fifth  the  number  of  coeffii 

The  demonstration  of  the  formulas  given  below,  and  the 
general  expressions  for  computing  the  coefficients  enl 
there   will   be  given   in  full   later,  and  at  anol 
Moreover,  only  a  few  of  the  total  number  of  formul 
given   here,  as   the   work    has   uol  illy  accom- 

plished. 

First  of  all.  we   remark   that    as  far  a-   necessary  for  an 
illustration,    we-    may   restrict    our-.  erms   of    the 

form     1':;.,,.     beca  mbol     O^X,     is  obtain, 

direct   multiplication  of  the  symbols     n         (or,   simply, 
n      and    ii       .    and,  on  the  other  hand,  the  symbol    n 
is  obtained  dired  i\    from     n       « here   ,.<   and    I> 

placed     b\      i-    and        —  (1  +  D).        The    symbol       II         is    an 

integral  function  of    p    and    1). 

We  have  then  to  determine    I'l'     given    1'  ;  .  I'  .  1' 
.  .  .  .  the  formulas 


(•)«,  .  and    ■   are  tin-  eccentricity,  mean  anomaly  and  d  ■ 
from  the  common  node  of  the  two  planets  for  the  inn.  i 
corresponding  quantities  tor    the    outer   planet.      The    coefficient 
I'  Istheresull  of  application  of  asymbolli  " 

to  certain  coefficients ;  this  symbolic  expression  is  an  Integra]  function 
of  ■.  i  an. I  1 1  I  ag  the  symbol  for  the  derivative  as  to  the 

am  of  the  mean  distance  of  the  inner  planet. 
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\     i  r. 


(1)  Di«:  =  _ii(«  +  i  )i';;;!  +  £  (-«»m+/J     P 

(2)  -2  (»-*) 

I       -   -2(4+1)  A     for     /■><> 
-2 
\  i,  •  •.   oi   bhe  coefficients    «     and    0 
It  is  well  to  remark  that  an  approximation  up  to  the  eighth 
power  of  the  eccentricities  requires  the  computation   of 
only  nine  i  ■  ats. 


A  = 
A \ 

ft  =  -,\ 

A 

ft 

ft 

= 

1 

1  8  - 

i 

125 

From  these  we  find 

«c  =   -2 

«a 

= 

i .. 

«,   =       * 

"4 

= 

i 

a,   =       i 

«B 

= 

: .;  - 

The  coefficients  HP;,',  where  //±m'  are  expressed  by 
means  of  the  DP;;  ,  DP;;z{ ,  .  .  .  in  the  same  waj 
\' ■  by  means  of  the  P"  ,  P"~},  •  •  •  Now  a  coefficient 
I'  where  n'  ±  m'  can  always  lie  thrown  into  the  form 
P  because  n'—m1  is  an  even  number.  In  this  paper 
the  general  formulas  are  given  only  for  m  =  1  and 
m  =  2.  It  is  not  necessary  for  practical  purposes  to  go 
beyond  in  =  4.  The  author  has  not  yet  established  the- 
relations  for  m  =  3  and  m  —  4.  The  work  is  rather 
laborious,  and  requires  much  controlling  of  the  results. 
The  remaining  two  formulas  will  be  given  later.  For 
m  =  1     we  have 


P  (,   •  L)  P    ,  •   V  P 


1 


=  -2(4+1)*,     for     k  ±  1 
i       -  -i 

Tie-   coefficients     a,    and     b,    are   given   below   up   to 
/_•  =  5.     <»nly  eight  coefficients  need  to  be  compufa 

all  practical  purposes. 

6,  =       ' 


'<: 

i 

4   - 

ao  = 

=    A 

«1  = 

-i 

—     B 

=     ~ft 

For 
P 


where 


m  =  2     we  have  the  formula 

"''I-       ■  -  r 

i 


B<")  =  B,  +  (n-4)  li' 


C<»)  = 


(w_A)(«_A-l) 


C»  +  (n-4)C, 


A  few  of  these  coefficients  are  given  below. 
A0  =       2      B0  =  +  f      B'0  =  -  y     C0  = 
A»  -  -  |      Bx  =  -  I     B\=      |      C,  = 


A.,  =  -, 


B,  =  -, 


B'  = 


C,= 


C'=    i 

c,=-i 

c.  =   o 


To  illustrate  clearly  the  advantage  of  the  present  method 
over  the  direct  computation  of  all  the  terms  of  the  pertur- 
bative  function  the  symbolic  values  of  IT;  and  of  Dnj; 
are  given  both  as  they  appear  in  Professor  Newcomb's  de- 
velopment and  as  they  are  derived  from  the  above  formulas. 

Here      i  =    — ^. 


+  185)  D4  + 
80i4+64CK8-1765ia+2280i 


-1  166)  Ds 


(Newcomb) 

7G80  n«  =  D*  +  (8i-2o)  D6  +  (20i2-130i 

+  (_S07-+340i-255)  D8  -+-  (- 

+  (-128;5+13G0/4-52S(h'3+9535/--8454/+309G)D 

+  (-64i«+800i8-374(K4+820(h"*-8588is+3608i) 

i  Ihessis  i 

n»  =  g  ns  +  2  (i-S)  n;  -  (f  i-2)  n4- (i-±)  n»  -  Tv  (2*-l)  m  -  ,»„  (5*-l)  u\  -  ft  i 
(Newcomb) 

3S40  Dn°  =    -D5  +  (— MH+30)  D5  +  (-40i2+230i-305)  D4  + 
+  (— 80i»+660ta— 166(K+1220)  D8  + 
+  (_SO<'4+S40ri-2995;2  +  40SCh'-1569)D'J 
+  (— 32ts+400i4— 1790t8+3360ts-2194t)D 


Dnt 


12H|+  (-21+15)111+  (ii-l)Tl\  +  i(i-l)Tll+  &  (2*-l)  nf  +  3V(5«-l)n}+|fJ  i 


The  illustration  would  be  still  more  conspicuous  for 
II;  ,  n*  ,  DQ° ,  Dni  ,  .  .  .  and  soon.  As  seen  from  these  ex- 
a  aples  the  reduction  of  work  in  computing  P;;±J  is  due  to 
replacing  polynomials  of  degrees  as  high  as  (»  +  l)  by 
others  of  the  first  degree.  In  general,  this  method  enables 
to  substitute  for  polynomials  of  degree  n+m  which  ap- 
V-  io  York,  1808  July. 


pear  in  Prof.  Newcomb's  expression  for  the  symbol  n;;±™  , 
other  polynomials  of  degree  m.  The  advantage  gained  is 
obvious.  It  is  the  greater  the  lesser  the  number  m.  As 
to  computing  the  DP"  our  method  enables  us  to  substitute 
linear  expressions  in  i  for  polynomials  of  the  order  as 
high  as  n. 
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XOTES   ON    SO TT I  IK UN    VARIABLE    STARS, 

By  R.  T.  A.   I\XI>. 
[Communicated  by  David  Gill,  II. M.  Astronomer.] 


The  following  results  of  recent  observations  of  variable 
stars  may  prove  interesting.  The  observations  will  be 
published  in  full  in  the  3d  volume  of  the  Cape  Photographic 
Durchmusterung,  which  is  now  in  the  press. 

With  one  exception  (RS  Centauri)  all  these  stars  are 
taken  from  lists  forwarded  from  time  to  time  by  Professor 
Kaptkyx. 

C.Z.  II,  1547  (1875)  2h56m52'  -51°  8'.2. 
See  C.P.D.,  Vol.  I,  page  (93)  [Cape  Annals,  Vol.  III]. 
Forty-three  visual  observations,  between  1897  Nov.  26  and 
1S9S  June  8,  yield  a  good  maximum  =  8*.l  on  L898  Jan. 
29.  Minimum  between  1898  April  20  May  16,  when  the 
star  was  invisible.      Period  2o0  days  ±. 

TLeporis     (1875)     4h  59m  30".S     -22°  4\4. 
Maximum  1897  Dec.  7;  magnitude  =  8.3;  redness  =  7.9; 
invisible  on  1898  May  26.      A.  halt  occurs  on  the  way  to 
minimum  at  100  to  120  days  after  maximum. 

List  in  Astr.  Nachr.  3441,  No.  2  (1875)  8"8m  16'  -34°  1  2'.1. 

.Max.  1897  May  14,  June  28,  Dec.  9  >  RM  R   .   ,pl  ,, 
1898  Jan.  15,  Feb.  28  |D,S:£ 


'  7  .s  ±  0».2 


Min.  1897  June  12 

1898  Jan.  2,  Feb.  17 

Color  =  4.3. 
A  period  of  41d.05  will  represent  all  observations  back 
to  1849  within  reasonable  limits.  A  halt  or  slackening  of 
decrease  for  4  days  always  occurs  about  8  days  after  maxi- 
mum. The  rise  from  minimum  is  very  quick,  about  10 
days. 

List  in^sfr\ivacA?\3426,No.ll  (1875)  9h39m16.'  -23°26'.7. 

1 897.  Invisible  Feb.  25-May  22  ;   10».3  to  11M.S  between 
June  12-July  13;  invisible  August  and  December. 

1898.  Invisible  January-April. 

17  .May  =  10.3 
19     "      =  10.25 
31      '•      =     9.7 

9  dune  =  9.65 
30  "  =  9.55 
Period  perhaps  about  350  days. 


13  other  confirmatory  observations. 


Astr. Nachr. 3441, No. 3     (1875)     lo'l.v-22'     -27°  58'.2. 

A  fair  maximum  declined  mi  1897  April  22.  a  -end  maxi- 
mum on  1898  March  31,  each  about  8*.5.  A  period  of  aboul 
339  days  will  satisfy  Cordoba  observations  in  Inn;.  L88S 
and  1891.  At  minimum  the  star  is  belovi  11",  and  invisible 
in  the  7-inch.     The  color  is  verj  slight,  nearly  white,  saj 

0.5. 


RS  Centauri    (1875)     11    15    5'± -61°  12'.l 

This  was  picked  up  by  chance  on  1898  March  21, 
it  was  -  b ;  by  the  end  of  May  it  was  11 !'  t>   ' 

and  has  been  invisible  since  June;  last  obsn.  =  .July  4. 

Cord.  DM. -32°8314     (1875)     llh41m22'     -32°  34'.5. 

Prof.  Kaptkyn  cannol   find  this  star  on   CP.fr.  \ 
Thome  gives  =  8". 5.     Certainly  variable,  8*. 9  to  '.'    55, 
from  observations    1897  8;    the    period   may  be  ab 
days ;  color  =  3. 

RT  Centauri     (1875)     13"  41m  2      -  36    1  I   - 

Invisible    from    1.S97  -   pt.  17;    afterwards 

near  Sun  for  further  evening  observation  in  1897.     A  good 
minimum  was  observed  mi  1898  May  23,  about  11".2. 

Oe.Arg.  134  II     (1875)     1  I    I    22'     -28    17'.6. 

This  star  is   generally  invisible;   the  last  observation  in 
1897  before  it  was  losl  in  daylight,  was  on  Septenil 
when  it  had  attained  SM.8. 

1898  March  11-May  7  invisible.    Maj  L5 
with  difficulty,  11M.5  to  12*.     Invisible  after  June  8. 

R  Normae(C.G.  !.)     i  L875       15    26    58  !:•        _ 

Although  Gould's  observations  put  the  variability  of 

this  star  beyond  all   reasonable  doubt,  the  name  /,'  A 

has  since  been  applied  to  another  star. 

Maximum  1897  Sept.  <'>  =  6*. 9;  1 1  lor  about  7.0. 

1898  Feb. 13  =  M\5.    Mar.ll  =  10\8,    Apr. 4  =  10" .7, 

May  2  =  9".6,    May  30  -  8*.  1.    June  30  =  71 .75 

C.£.XV,3719     (1875)     L5   52 

Prof.  K.W'Tl'.YN     (lees     Hot      find     til  IS     Star     Oil     the     C.P.D. 

plates.     Generally,  this  star  is  "t  the  9*. 1,  and  it  descends 

verj  quid    ■   to  a  minimum  of  about  In". 7.     Such  minima 

red  in   L896  Sept.  5  and   L898  May  5.     A  period  of 

608  days  "ill  satisfy  all   minima  observed  so  far:   no  inte- 
gral division  of  this  period  will  suit  observations  i^ 
There  is  a  halt  and  goin  return  to  normal  bright- 

ness, otherwise   it    would   have   been   pronounced  an    - 
ile. 

RZScorpii    (1875)     15   57    8  '-'      15  2 

\  poor  maximum  oi  about  '.|V.l  occurred  ii 
tember.  <  >n  I  897  <  »i  I  L9  it  was  under  10"  (nol 
last  ob  i  898  June  25  an. 

135  days  ±. 
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C.Z.  W  I.  L980     (1875)     L6   28'   39         30 
Cord  0.     C.P.D.  nil. 


1896  May  :  Oct.  2" 

1897  June  I   Oct.   19 

1898  Maj  L6  June30 
I  Ins  ;i  comes  1 1 "  s.l'. 


9.3  i"  '.'.:  ) 

7.8  to  9.3     Color       6.9 

7.s  to  9.0  ) 


C.£.XVI,2278     (1876)     16"  32m  36'     -32   7'.9. 
Cordoba  7".5  8".5  9".0. 

1896  aboul  &  ) 

L897      "      8.8  Color  -  9.1. 

L898      "      8.0  to  8.4  ) 
Probably  variable-     the  reddest  star  I  know. 

Royal  Observatory,  Cape  of  Good  Hope,  1898  July  7. 


C  P  ./>.  Vol.  I.  p.(93)     (1875)     16"  ll     13'       -19    1  V.3. 

W.Z.  -  9".0;  Schbnfeld  =  8".8;  Porter  -  8".5j 
C.P.D.   -  9".2  t.i  inv. 

1898  May  13  =  11».5    June  1  =  9".75    June 30  =  - 
Color 

RSScorpii     (1875)     16*  46™  34'     -   II    53'.7. 
L897  July  27  Oct.  23        L0».4  to  inv. 
L898  Way  L6  June22  9M  to  I0".l 

C.Z.X\  [,911     (1875)     L6    L21    18         63    14'.6. 

C.Z.  =  10i'.0.  C.P.D. nil (2 obs.).  L898May27  June 30, 
8».2  8».5.     Color  =  3.3. 

Although  my  observations  alone  prove  nothing,  the  three 
previous  observations  make  variability  certain. 


OBSERVATIONS   OF   THE   SATELLITES   OF    CRANL'S, 


By  R.  Q.  AITKEX. 


The  following  measures  of  the  satellites  of  l/nnius  were 
made  with  the  36-inch  refractor  of  the  Lick  Observatory. 
A  power  of  520  was  used  except  on  the  nights  of  April22 
and  May  29,  when  powers  of  350  and  270,  respectively. 
were  employed.  For  March  27,  the  printed  measures  are 
the  means  of  three  measures  of  position-angle  and  of  four 
measures  of  distance.  For  all  other  nights  the  means 
represent  five  settings  of  the  micrometer  in  each  coordinate. 

The  two  outer  satellites  seemed  to  be  sensibly  equal  in 
brightness  and  no  noticeable  variations  were  recorded.  Of 
the  two  inner  satellites,  Umbriel  was  found  to  be  consider- 
ably fainter  than  Ariel  —  too  faint,  in  fact,  to  measure  on 
two  nights  when  Ariel  was  measured  —  except  on  April  22, 
on  which  night  Ariel  was  noted  as  the  fainter  of  the  two. 

Ariel. 


Pacific 

Position 

1898 

Standard  Time 

Angle 

Distance 

'Apr.    8 

b 

15 

33 

9 

19°  7 

22 

15 

37 

44 

219.0 

22 

15 

19 

29 

13.88 

24 

14 

o 

27 

135.1 

24 

14 

9 

16 

i  t.i 2 

May  29 

10 

58 

37 

77.6 

29 

11 

7 

1 

13.71 

•Tune     I 

10 

48 

57 

21 2.8 

4 

10 

57 

35 

14.50 

5 

11 

16 

46 

358.9 

5 

11 

23 

50 

1  L39 

17 

11 

8 

13 

270.9 

17 

11 

15 

29 

14.26 

July    3 

10 

30 

10. 

33.5 

3 

10 

38 

36 

13.71 

Wind  prevents  distance  measures. 


Umbriel. 


Pacific 

Position 

1S98 

Stand 

ml  Time 

Angle 

Distance 

Apr.    8 

i 

16 

(>' 

2 

21  S.l' 

22 

15 

0 

23 

350.6 

oo 

15 

10 

21 

19.99 

24 

14 

■)■! 

32 

100.5 

24 

14 

29 

13 

20.37 

Tune    5 

10 

19 

40 

197.2 

5 

11 

1 

43 

20.66 

17 

10 

52 

24 

161.1 

17 

11 

0 

21 

20.56 
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251.2 

Lick  Observatory,  University  of  Calif ornia,  1S98  July  '. 
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THE  PROPER  MOTION  OF 

By  J.  G. 

For  the  star  G3C9  in  Auwers's  A.G.  Catalogue,  there  is 
given  a  proper  motion  of  —  08.0G3  and  +0".S8,  or  1".25  in  a 
great  circle.  This  motion  is  derived  from  one  Bonn  observa- 
tion, the  observation  of  the  A. G.  Catalogue,  and  a  recent 
Berlin  observation.  But  from  a  note  it  appears  that  the 
second  of  these  observations  received  a  double  correction, 
+24*.15,  on  the  assumption  that  the  transits  were  taken 
over  tally  a  instead  of  tally  b,  and  then  an  arbitrary  o 
tion  of  +108.  That  this  should  place  the  star  exactly 
between  the  Bonn  position  and  the  modern  Berlin  place  is 
a  very  strange  coincidence  ;  for,  as  a  matter  of  fact,  this 
star  has  little  motion,  and  the  corrected  observation  per- 
tains to  a  different  star. 

The  positions  which  T  have  been  able  to  collect  for  the 
star  in  question  =  DM.  +18°3424,  are  as  follows,  reduced 
to  1875.0 : 


7  33  1  L78 

:  :.."..i 

13.20 

•    L4.6 

13.21 

9  14.:; 

Bonn  VI 

Vienna  Zone 


1856.5 
1858.5 


33  15.75 
L3.08 


-Ms  .;:  in.i 

38  20.2 


DM. -f-18°3423   AND  -4-18°3424, 

PORTEK. 

[Berlin  A.G.  6369,  1869.6 
Battermann  1895.5 

Cincinnati  L898.0 

The  bracketed  position,  as  I  shall  show,  belongs  to  an- 
other star.  The  Cincinnati  position,  which  is  the  mean  of 
four  observations,  compared  with  that  of  Battkkmann. 
makes  it  evident  that  no  large  motion  exists.  Hence  it  is 
all   but  certain  that  the  Vienna  place  i-  ad  the 

Bonn  observation  erroneous. 

If  after  correcting  the  star  63C9   +21  rallv, 

we  subtract  10s  instead  of  adding,  there  results  the  position 
171'  :;2"'  54'.78  +1S°  37'  55".  1.  In  exactly  this  place  there 
is  a  9.5-magnitude  star,  an  approximate  equatorial  com- 
parison giving  17  32  '5 1.7  r-18  37  57  There  can 
then  be  little  doubt  thai  this  was  the  star  reallj  observed. 

It  is  perhaps  worth    untiring  that    an  t  this 

same  -roup,  namely  DM.  +18°3423  has  an  appreciable 
motion  of      — O'.Oll     and     —  o".21. 


EPHEMERIS  OF   COMET  c  1898  (coddinqton), 

By  E.  F.  CODDINGTON. 

From  my  elements,  given  in  A.J.  No.  441,  I  have  com- 
puted the  following  ephemeris  of  this  comet.  These  ele- 
ments give  the  following  residuals  for  an  observation  of 
July  14:  O-C,  Ju  =  -l'.GS  ,  ,18  =  +7".S.  The 
brightness  al  discovery  is  taken  as  unity. 
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Lie*  Observatory,   Mi.  Hamilton,  Cal.,  1898  July  22. 
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OBSERVATIONS   OF  COMET  1896  I. 

A  hi     uiiii    l  ill     12-INCH    REFRACTOR  01     i  ill     LICK    OBBEBVATOBT, 

By  u  II. 1. 1  \.M    J.   in  SSEI  . 
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On  March  30,  April  1.  i',  and  3.  Ja  was  measured  directly  with  the 
micrometer;  on  other  dates  it  was  obtained  by  transits.  March  30 
was  windy,  and  Ja  is  somewhat  uncertain.  The  following  changes 
result  from  a  re-reduction  of  my  observations  of  this  comet  given  in 

Aft.  Hamilton.  Cal.,  1898  August  4. 


A. J.  371.  On  March  9  JS  should  read  — 2S".l;  for  #G  seconds  of 
8  should  read  4tj".4:  and  the  date  of  the  second  observation  of 
March  13  should  be  increased  1"'. 


OBSERVATIONS   OF   COMET  c  1898  (codding to x). 

made  with  toe  20-inch  equatorial  of  the  cdambeblis  observatory,  university  park,  Colorado, 

By  HERBERT   A.  HOWE. 


The  following  observations  were  made  with  the  new 
micrometer  provided  by  the  liberality  of  Miss  Catherine 
W.  Bri  i  e.  It  has  been  constructed  by  Mr.  Saegmttller, 
with  special  reference  to  rapid  work  in  determining  da 
and  IS.  There  are  eleven  E'.A.  wires,  and  nine  accurately 
spaced  micrometer-wires.  The  wires  can  be  illuminated 
simultaneously  or  separately,  each   set  with  any  desired 


intensitj-.  The  box  can  be  turned  90°  without  looking  at 
the  position-circle.  The  micrometer-screw  carries  three 
divided  heads,  two  of  which  are  movable.  The  extreme 
micrometer-wires  are  30'  apart.  This  micrometer  has  been 
tested  by  six  months'  observing  on  nebulas,  and  has  shown 
itself  to  be  a  most  admirable  instrument. 
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"       ZoneCatal   L5  2592 

15 

15    15   1 1.16 

+4.33 

-3:;   is  39.3 

-17.5 

"        Cm.  Catal.  11  186 

16 

15  17    1  1.03 

+  4.12 

-35     1    13.1 

-19.5 

«       ZoneCatal.  L5  L754 

17 

15  38  34.67 

+  1.30 

-34  46   15.7 

L8  I 

Gen.  Catal.  21329 

IS 

15  37  44.92 

+  L30 

-34  57    17.3 

-1S.5 

"       Gen.  Catal.  21315 

1'.) 

15  24  33.92 

+  4.21 

35   17   is. 5 

-19.8 

Gen.  Catal.  21003 

20 

15  25  19.81 

+  4.21 

-35  11   50.2 

-10.7 

"       ZoneCatal.  15  :• 

21 

15  Hi   16.02 

+  4.20 

-36    14    15.1 

20.4 

Gen.  Catal.  20892 

.>•> 

15  in  :;::.( ii 

+  4.1!l 

_36     !'■   is. 5 

-2u.  t 

«       i, 

.  i:  i 

15  in   16.30 

+  4.21 

36  2  1  :;:;.7 

-20.4 

Gen.  Catal.  2i 

24 

15    :;  34.94 

+  1.12 

-38   21      7.5 

22.7 

Gen.  Catal.  20546 

25 

11   5  1    I7.i  is 

+  4. ill 

-30  51      1.3 

ZoneCatal.  1  l"3392 

26 

14  47  58.31 

+3.97 

-39  56  42.0 

ii  l 

"       Gen.  Catal.  20169 
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OBSERVATIONS   OF   COMET    [898  c  (coDDiNGToy), 


m  s  p. i     \  i     i  ill     i  ii  K    0B8EIH  LTOBT, 
By   E.   !•'.  i  ODDING  I'  >\ 


1898  Mi.  Eamilton  M.T. 

* 

No. 
( !omp. 

Aa 

-* 

Ah 

#'8 

a 

ipparenl 

8 

log  pA 

for  a           1 1 

June  12 

9  22  5  1 

1 

Hi  .  N 

-4     9.95 

-5 

n;  21 

25  52  4:;.  I 

n9.309 

0.880 

13 

LO     5  25 

•> 

in  .  in 

-0  24.01 

+  2  35.9 

1<;  is     5.02 

-26  31    18.2 

»8.984 

0.892 

1  1 

8  :•:<    9 

3 

10,8 

-0  17.Hi 

-8  24.5 

16  11    19.35 

-27      7   52.1 

»9.368 

0.880 

Id 

in  38     6 

1 

in  .  in 

-0     S.77 

-2  25.9 

16     7  37.49 

28  25  34.1 

8.467 

0.903 

17 

11   51   46 

6 

8,8 

-0  11.89 

-;:  30.8 

16    3  55.31 

-29     1  37.5 

g  ggg 

0.890 

is 

in     2    8 

7 

8  ,8 

-0     5.60 

-5  22.1 

16     0  39.91 

-29  38  30.9 

,/s.L<ii;; 

0.907 

23 

9     1    16 

8 

8,8 

_0  23.63 

-4     8.7 

15  42  57.56 

-32  34     7.1 

8.934 

0.91  1 

.1 

9     5  38 

ii 

8  .  8 

+  0  39.62 

+  1  54.6 

15  39  22  91 

33     8     2.1 

,8.693 

0.917 

26 

9     7  51 

10 

7  ,  10 

-0  4(5.84 

+  4   17.4 

15  32  15.65 

-34  13  57.2 

iVT.869 

0.921 

Mean   Places  for  1898.0  of  Comparison- Stars. 

v 

* 

a 

app.  place                   ° 

app.  place 

Authority 

1 

hi'  25  39.79 

+4.22 

-25   17  27,7 

-12.1 

Gould's  Genera]  Catal.  22365 

o 

16  18  24.81 

+  1.22 

-26  34  11.3 

-12.8 

Gould's  General  Catal.  22226 

3 

16  15     2.23 

+  4.22 

-26  59  14.4 

-13.2 

Gould's  Zone-Catal.  L6b962 

4 

16     7    12.01 

+4.25 

-28  22  54.2 

-14.0 

1 .","  connected  with  %5 

5 

16  11  r,s.:\:) 

+  4.27 

-28  21   34.8 

-13.6 

£{Gould's  Gen.  Catal.22078+ Stone' 

,  Radc.4222] 

6 

16     1     2.94 

+4.26 

-29     0  52.2 

-  1  4.5 

Gould's  General  Catal.  21900 

7 

16    0   11.21 

+  4.27 

-21)  32  53.9 

-14.9 

Gould's  Zone-Catal.  15b4140 

8 

15  43  16.91 

+  4.2S 

-32  29  41.3 

-17.4 

Gould's  Genera]  Catal.  21432 

9 

15  38  39.02 

+  4.27 

-33     '.i  38.7 

L8.0 

Gould's  Zone-Catal.  15h2591 

10 

15  32  58.24 

+  4.25 

-34  17  55.8 

-l.S.S 

Gould's  General  Catal.  21198 

Ju  for  the  first  observation  was  obtained  by  transits  and  for  all 
other  dates  by  direcl  micrometer-comparisons. 

iff,  Hamilton,  189S  .1":/.  12. 


The  observations  of  .Tune  lii  and  23  were  made  with  the  36  inch 
and  all  others  with  the  12-inch  telescope. 


Au, 


1898 

22  I 
23.i 
24.. 
25.. 
26.i 
27. 
28. 
29., 
30. 


EPHEMERIS 

OP   WOLF'S   PERIODIC 

COMET 

=/1898, 

Bv 

A.    TIIKAKX. 

{A.N.  3 

506) 

:     For  Berlin  Midnight 

a 

8 

log  A 

Br. 

189S 

a 

S 

log  A 

5  22  52 

+14  29.5 

n.2417 

2.5 

Aug.  31.5 

5   13  25 

+  12  24.8 

25  13 

14  16.9 

Sept.     1.5 

45  36 

12  10.0 

0.2296 

27  34 

1 1     3.3 

0.2393 

2.5 

17  46 

11  55.0 

29  5  1 

13  49.6 

3.5 

49  53 

11  39.8 

0.2271 

32  13 

13  35.7 

0.2368 

2  5 

4.5 

:.l  59 

11  24.3 

:;i  31 

13  22.0 

■'.'< 

54      5 

11     8.8 

0.2247 

36  46 

13     8.2 

0.2344 

6.5 

5i ;  in 

10  :<:\M 

39     ii 

12  53.9 

7.5 

5  58  12 

+  10  37.1 

0.2222 

5   11  13 

+12  39.5 

0.2.320 

2.5 

Brightness  May  1  taken  as  unity. 

2.6 


2.6 


XEW   ASTEROID. 

Prof.  Kkeutz  communicates  the  discovery  of  a  new  asteroid,  by  Chaklois,  on  July  16,  and  the  position, 
DP     11"     1898  July  18  llh6m.5  Nice  M.T.     «  =  20h  10m  8'.2  ,  8  =  -10°15'51".     Daily  motion  -52s  and  5'  northward. 


CONTESTS. 
Ox  the  Development  of  the  Pebtubbative  Function  ix  Terms  of  tup.  Meax  Anomalies,  i;v  Alexander 
Notes  on  Southern  Vabiable  Stabs,  by  R.  T.  A.  Inni  s. 

(    BSEBYATIONS    OF    THE    SATELLITES    OF    URANUS,    BY    R.    G.     AlTKEX. 

The  Pbopeb  Motion  of  DM.  +18°3423  and  +18°3424,  by  J.  G.  Pobteb. 
Ephemeris  of  Comet  c  1S9S  (Coddington),  by  E.  F.  Coddixgtox. 
Obsebvations  of  Comet  1800  1.  by  William  .1.  Htjssey. 
Observations  of  Comet  c  189S  (Coddixgtox).   by  Herbert  A.  Howe. 
Observations  of  Comet  1898  c  (Coddixgtox),   by'  E.  F.  Coddixgtox. 
Ephemeris  of  Wolf's  Pebiodic  Comet  =/lS9S,  by  A.  Thraex. 
New  Asteroid. 
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OBSERVATIONS   OF    TITAX-IAPETUS,  AND   THE   MASS   OF    SATURN, 

By  Pbof.  STIMSON  J.   BEOWN,  U.S.N. 
[Communicated  by  Prof.  W'm.  Harkxess,  U.S.N'.,  Astronomical  Director.] 


The  values  of  the  mass  of  Saturn  derived  by  Prof,  A. 
Hall  from  his  extensive  observations  of  the  satellites  of 
that  planet,  differ  from  each  other  by  amounts  many  times 
greater  than  the  probable  errors  of  the  separate  results, 
while  the  most  probable  mean  of  the  values  derived  from 
Titan  and  Tapetus  is  equally  divergent  from  those  derived 
by  other  observers  using  different  instruments  and  methods 
of  observation.  The  results  of  Bessel  and  A.  Hall,  Jr., 
from  heliometer  observations  of  Titan,  and  those  of  H. 
Stbuvb  from  differential  observations  of  Titan  Tapetus 
with  the  30-inch  Pulkowa  refractor,  agree  fairly  with  the 
value   deduced   by  Geo.  W.  Hill   from  the    perturbative 

effect  of    Saturn  oil  Jupiter. 

The  inherent  difficulty  of  referring  observations  of  the 
satellites,  either  with  the  filar  micrometer  or  by  differences 
of  right-ascension  and  declination,  to  a  body  of  such  irreg- 
ular shape  as  Saturn's,  led  me  to  attempt  a  re-determination 
of  the  mass  with  the  26-inch  telescope,  using  the  method  of 
differential  observations  of  Titan— Iapetus. 

In  the  discussion  of  his  observations  by  this  method 
II.  Stbuve  has  presented  an  exhaustive  treatment  of  the 
general  subject,  showing  that  this  method  of  obtaining  the 
elements  of  two  satellites  is  not  attended  with  an  appreci- 
able loss  of  accuracy  in  the  determination  of  their  mean 
distances,  although  some  of  the  other  elements  arc  subject 
to  considerable  diminution  in  their  weights.  All  my  ob- 
servations of  Saturn's  satellites  have  been  made  on  this 
plan,  and    consist  of   combination-observations  of   Titan 

lajn'tus.   Ultra  -1>!<> in1,    Tvthijs    Em-rlaJus. 

Although  the  elevating  floor  was  not  yet  in  thorough 
working  order,  observations  were  begun  with  the  26-inch 
telescope  of  this  observatory  on  April  '_'.';,  L894,  and  con- 
tinued on  every  clear  night  during  thai  i  well 
as  the  succeeding  ones  of  1895  6.  Owing  to  unfavorable 
observing  weather,  only  twenty-five  complete  observations 
of  Titan  Tapetus  were  secured  at  each  opposil  ion,  alt 
several  nights  were  utilized  when  observations  requiring 


steadiness  of  image  were  impossible.  There  were  but  few 
nights  on  which  the  seeing  was  noted  as  good,  while  flyj 
was  seen  only  three  or  four  times,  and  Mimas  only  once 
during  the  three  years.  During  much  of  the  time  difficult 
double-star  measurements,  requiring  high  magnifying  pow- 
ers, were  out  of  the  question.  1  think,  however,  that  such 
unsteadiness  of  image  does  not  greatly  influence  the  accu- 
racy of  differential  measurements  of  right-ascension  and 
declination. 

Differences  of  right-ascension  and  declination  between 
Titan  and  Tapetus  were  observed,  excepl  when  both  bodies 
were  near  conjunction  together,  in  which  case  position- 
angle  and  distance  of  Iapetus  relative  to    Titan  were  ob- 

tai 1.      The   fixed  wire   and  the  movable  liiieronietcr-wire, 

set  about  two  seconds  of  time  apart,  were  used  in  observing 
the  transits  in  right-ascension  which  were  recorded  on  the 
chronograph.     Whenever  possible  twenty  er  the 

two  wires  were  observed,  ten  preceding  and  ten  following 
the  five  or  more  differences  of  declination.  The  old  Clark- 
micrometer  with  a  magnifying  power  oi  383  was  used  in 
all  the  obsei  ns,  and  the  wires  were  illuminated  with  a 
small  hand-lamp  which  threw  a  beam  of  red  light  through 
a  small  opening  in  the  end  of  the  micrometer-box  opposite 
t  he  micrometer  head       I  ;emen1  is   the   same   as 

that  used  by  Prof.  II  mi  in  all  his  work  with  this  instru- 
ment. It  is  open  to  the  serious  objection  that  it  gives  an 
unsymmetrical  illumination  of  the  thread,  but  is  yet  very 
convenienl  when  the  intensity  of  the  thread-illumination 
has  to  be  quickly  and  decidedly  varied.  This  was  often 
the  case  when  Tapetus,  &i  or  near  eastern  elongation,  was 
exceedingly  taint. 

The  table  of  observations  following  contains  the 
records   of  the   observing   books,   with   the   except 
tic   column   ••  total   correction"    which    contains    the    sum 
of  all  the  corrections  to  be  apj    ed  to  the  observed  quan- 
tities.     It   is   placed   hen-  in   order  to  avoid  crow. ling   the 
tabli  oi  ■■  computed  quant  it  ics.'* 


82 

THE     A.STRONOMICAL     , 

ill    1 1  N 

\  1.. 

N"  143 

Observations  op    Titan   lapetvs. 

Date 

W..M.T. 

a,  —  a.. 

rotal 

i  lorr. 

No, 

\\.\i  ,T. 

&,  —  &.      Total 
d      Corr. 

No. 

Mi.-.  Zero 

Parallel 

In, 

■All- 

IBM 

Apr.  23 

LO  22.7 

L7'.583 

-0".0J 

20 

10  26?6  +81^696  +  o!lO 

10 

01. IMS 

1  78.68 

3 

■  i-, 

'.'     6  7 

p257°.906 

0  .099 

in 

9    3.0  +82.376   1  0.12 

6 

64.200 

177.78 

3 

26 

LO    3.6 

t-     5\862 

+  0*02 

20 

in     3.8  f  I7.r.00  +O.K) 

6 

17S.07 

3 

31 

lo  25.8 

t     L9.908 

+  ()  .05 

26 

lo  25.8  +57.070  +0.O1 

5 

01.251 

177.5s 

3 

M:,\        I 

■J  25.1 

t    is  .764 

+  o  .05 

Hi 

9  25.3  1-59.959  +0.03 

5 

64.246 

177.02 

3 

L2 

LO   L6.£ 

+  42  .800 

i  ii  .06 

40 

10    17.0  -OS.  157 

-o.oc, 

7 

6^239 

177.S7 

3 

Tapi 
<  'hanged  micrometer  5  rev. 

i: 

9  54.8 

t     L6.589 

+  o  .10 

40 

9  55.1-65.387 

+  0.02 

6 

3 

1  1 

9  23.7 

t-    is  .557 

+  «  .12 

44 

9  ill  -72.821 

1 II. Ill 

8 

177. si 

3 

/"/■■  Itu  faint 

15 

lit  13.8 

t-    is  .129 

+  o  .12 

32 

10  16.2  -75.549 

0.01 

0 

1 

17 

8    10. 1 

f    11  .545 

+  o  .10 

20 

0 

64.248 

3 

Clouds 

24 

8  59.1 

f    lo  .400 

+  o  .05 

10 

o    2.5 

-  7s.se, i 

-0.00 

7 

64.241 

178.64 

2 

"5 

9    0.1 

+   21  .331 

+  o  .05 

26 

0 

3 

Clouds 

27 

8  36.2 

+  26  .920 

4  0  .05 

40 

8  36.8 

77.1  in 

-0.05 

6 

64.253 

17S.5I 

3 

28 

It  45.1 

+  29  .171 

+  o  .05 

40 

9  45.7 

-77.864 

-0.05 

6 

2 

29 

8  56.; 

+  29  .871 

+  0  .05 

40 

8  57.2 

78.653 

-0.05 

7 

3 

June   2 

8  52.4 

t-    i:;  .554 

+  0   .111 

40 

8  52.1 

SIM  07 

-o.oo 

6 

64.243 

1 78.54 

3 

[faint 
Clouds  interrupt.  Iapetus 

5 

8  39.6 

-     8  .055 

0  .00 

10 

8    17.5 

-  18.556 

-0.17 

5 

64.244 

L78.16 

•  > 

8 

0 

9     2.3 

56.009 

-0.05 

5 

64.244 

17s.k; 

3 

i  hronograpb  failed 

9 

9  40.! 

-  19  .415 

ii  .01 

42 

0     1  I.I 

-57.532 

-0.10 

6 

•> 

Tapi  fa/a  bare!]  i  isible, 

11 

8  51.9 

-  16  .150 

-0  .01 

40 

8  55.9 

61.138 

0.00 

5 

04.251 

L78.16 

3 

12 

9     3.5 

-   13  .700 

-0  .01 

40 

9     3.7 

-62.392 

0.00 

5 

64.236 

3 

16 

8  47.2 

-   14  .360 

0  .00 

40 

8  52.8 

-63.002 

0.00 

5 

04.238 

3 

Iapetus  very  faint 

21 

9    9.1 

-     11  .055 

+  0  .02 

40 

9      7.5 

+  06.910 

+  0.00 

5 

64.234 

3 

Iapetus  faint 

22 

9  13.3 

1 1  .355 

+  0  .04 

40 

9  13.9 

+  68.933 

+  0.07 

5 

3 

23 

9     L.2 

-  45  .802 

+  0  .02 

40 

9     1.7 

+71.322 

+  0.09 

5 

64.243 

3 

28 

9     6.0 

-   29  .(t7l 

+  0  .06 

40 

9     0.9 

+  79.882 

+  0.15 

6 

64.252 

178.16 

3 

29 

9     2.0 

-   24  .297 

+  0  .07 

40 

9     9.0 

+  70.000 

+  0.15 

5 

L78.36 

4 

Iapetus  faint 

Mar.  22 

L2  56.1 

+   11  .471 

+  0  .02 

40 

12  50.8 

+  61.401 

+  0.09 

5 

64.185 

356.30 

3 

23 

li'  n\i 

+    1  1  .070 

+  0  .01 

40 

12  38.5 

+  60.859 

+  0.18 

5 

2 

Apr.     3 

13  39.8 

+  34  .179 

+  0  .15 

40 

13  35.2 

-84.504 

—0.02 

5 

64.190 

(356.21) 

3 

Corr.  to  a  +0*.32 

4 

13  23.4 

+  29  .190 

+  0  .14 

20 

13  47.0 

-84.693 

-0.03 

5 

356.28 

2 

Clouds 

5 

11  54.8 

+  25  .195 

+  0  .17 

40 

11  56.3 

-84.142 

-0.02 

5 

o 

Weather   thick 

11 

11  45.0 

+  29  .116 

+  0  .13 

40 

11   45.S 

-78.344 

-O.02 

5 

64.1S5 

356.28 

3 

Wind;  telescope  shaken 

15 

11  41.8 

+  31  .414 

+  o  .12 

40 

11  45.5 

-84.667 

-0.07 

5 

04.171 

3 

17 

12  14.1 

+  20  .565 

+  0  .08 

40 

12  14.5 

-87.634 

-0.14 

5 

64.183 

356.30 

4 

18 

12  18.3 

+   13  .105 

+  0  .06 

40 

12  21.2 

-87.905 

-0.14 

5 

64.193) 
64.204  j 

4 

19 

12  38.2 

y247°.72 

+  0°.012 

4 

12  46.7 

s39.942 

+  0.42 

4 

64.200 

356.30 

2 

M  ic.  increased  4  revolutions 

23 

12     0.7 

;j328  .14 

0  .00 

6 

12     0.5 

s36.665 

+  0.10 

5 

64.192 

9 

May    4 

11   27.0 

-     28M70 

-0".09 

40 

11  27.0 

+  60.319 

+0.06 

5 

04.222 

155. 25 

5 

9 

10  47.6 

-  48  .440 

-0  .13 

40 

10  50.4 

+  73.853 

+  0.07 

5 

64.194 

o 

Cloudy.     Iapetus  faint 

10 

10  22.4 

-  47  .034 

-0  .13 

40 

10  23.5 

+  77.013 

+  0.15 

5 

64.189) 
64.195  f 
64.191 

3 

18 

9  31.0 

-   20  .747 

-0  .03 

40 

9  31.5 

+78.405 

+0.19 

5 

i55.27 

2 

Wind  shakes  telescope 

20 

9  12.7 

-  25.-678 

-0  .04 

16 

9  30.6 

+  76.900 

+0.17 

1 

01.  loo 

■  i 

Clouds  interrupt  obs. 

22 

8  55.9 

-  30  .819 

-0  .06 

40 

8  54.6 

+  77.937 

+  0.13 

5 

04.190 

2 

Thick.     Iajyetua  faint 

23 

9  52.0 

-  31  .841 

-0  .07 

40 

9  51.6 

+  79.392 

+  0.12 

5 

64.190 

3 

Thick.     Iapetus  faint 

28 

10     0.2 

p  51M6 

+0M53 

4 

10  10.5 

s39.048 

+  0.12 

5 

04.173 

3 

29 

8  51.5 

p25  7  .34 

+  0  .350 

1 

9     7.0 

s43.932 

+  0.13 

5 

04.220 

2 

June   1 

9  15.2 

P328  .:;:; 

+  0  .080 

4 

9  26.8 

s35.801 

+  0.10 

5 

64.173 

3 

3 

10     6.5 

+   20M29 

+0".04 

40 

10     7.2 

+57.769 

+  0.O2 

5 

04.197 

3 

6 

9     5.5 

+    11  .752 

+  0  .03 

40 

9     4.3 

+  63.684 

+  0.03 

5 

04.194 

355.30 

3 

7 

8  38.5 

/>355°.51 

+  0°.077 

4 

8  49.0 

s83.426 

+  0.05 

5 

64.200 

3 

17 

9  34.0 

+   47s.072 

+  0".12 

20 

9  54.9 

-73.422 

+  0.50 

5 

64.201 

4 

Apr.  26 

11  59.8 

+   20  .204+0  .04 

40 

11  59.3 

+  29.103 

+  0.14 

5 

179.41 

25.009 

3 

W.  &  S.  micrometer 

May    4 

11  21'. 4 

+   45  .271 

+  0  .21 

40 

11  22.3 

-82.487 

+  0.03 

5 

356.62 

04.1S4 

2     .1 

6 

10  56.8 

+  35  .552 

+  0  .22 

40   10  56.8 

-86.030 

0.00 

5 

356.61 

64.185 

2  lb 

9 

10  33.2 

+  22  .677 

+  0  .19 

40  |l0  34.3 

-84.021 

-0.02 

5 

356.65 

64.181 

2     ,i 
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Date 


W..M.T. 


Total 
*i  —  a2  Corr. 


W.M.T. 


o,—o..      Total 
id,     <  cirr. 


Mic.  '/■•■ro 


Parallel 


May  H» 

11 
14 

16 


30 

June    1 


30 
July    1 


10  19.6  +   21-.049 
in  34.8  +   21  .071 

11  4.0  +   28  .820 


10  20.3  + 


in  L6.9 

M  40.1 

'.i  22  2 

10  11.2 

9  31.2 

'.i  5.6 

9  40.7 

9     1.8 

9  29.4 

8  46.9 

9  1.9 
9  42.4 

8  43.S 

9  31.C 

9  30.6 

8  50.7 
8  52.2 


.65 


-  17  .532 
p3 15°.51 

/'■':  17  .51 
/-344  .87 
p341  .57 

-  20".  373 

-  46  .700 

-  47  .592 

-  46  .424 

-  33  .542 


+0".18 

+  i)  .16 
+  n  .13 

+  0  .14 

-0  .05 
— 0°.007 

+  h  .inn 
ii  .006 
-i)  .urn 
-0".03 
-0  .09 

-0  .09 

-0  .07 

-0  .01 


23  .646  +0  .03 


-  19  .255 

-  19  .700 

-  29  .817 

p218°.61 

j;233  .88 
p  78  .63 


-hit  .05 
+  0  .02 

0  .00 

+  0°.014 

+  0  .100 
+  n  .030 


LO  L9.3 

10  37.0 

11  3.7 

11  31.8 

10  17.2 

10  40.1 

g  23  2 

in  11.2 

9  31.2 

8  50.5 

9  38.9 

9  1.7 

9  26.2 

8  17.7 

9  0.3 
9  53.6 

8  13.5 

9  31.6 

9  31.0 

8  58.0 

8  53.2 


-82.182 

-80.395 

78.200 

-81.002 

54.129 
s41.372 
s44.939 


0.02 
.  0.04 
-0.01 

+  0.10 

-0.09 

+  ii.i»7 
0.06 


s72.865  +0.03 

s78.287  +0.06 

-58.509  +0.(17 

+70.235  +0.19 

+  74.042  +0.18 


+  77.77:; 

+84.1 5 1 

+83.417 
+79.870 

+78.282 

+  81.436 

S97.417 

,'.im  820 
s85.994 


+  0.18 

+  0.31 

+0.33 
+0.37 

+  0.20 


+  0.13 

+0.13 

+  0.16 


+0.15    5 


356.62 

356.62 

356.64 
[356.74] 
356.74 
356.62 

356.58 
356.63 

[356.70] 
356.71 


356.71 


356.71 


64.182 

64.190 

64.191 

64.200 

64.188  j 

64.208 

64.193 

64.193 

64.200 

64.180 

64.186 

64.177 
64.196  j 
64.196 
64.192 
64.187 


64.2191 
64.198 
64.176} 
64.190( 
64.191  | 
64.201  [ 
64.197 
64.202 


«l 
d 
d 
I. 
d     Clouds 

il    Thick.     I<*i  ■ 

b 

b 

c 

d 

d 

Seeing  very  poor 

d 

li    Seeing  very  poor 

l>     Iapetus  very  faint 

P 


Clouds.     lapetux  faint 

d 

p   Light  clouds.  Iapetus  faint 

d 

P 

d 

P 

d 


In  the  reduction  of  the  observations,  the  adopted  value 
of  one  revolution  of  the  micrometer-screw  was  9".936. 
This  value  is  the  result  of  unpublished  observations  of 
Prof.  Hall,  together  with  a  rediseussion  of  some  of  the 
earlier  values.  It  rests  entirely  upon  measures  of  differ- 
ences of  declination  between  well  known  groups  of  stars, 
and  is  closely  confirmed  by  the  values  derived  from 
ares  of  the  focal  length  of  the  objective  and  the  linear 
value  of  one  revolution  of  the  screw.  Two  such  values, 
one  given  in  Appendix  1,  Washington  Observations,  18771, 
the  other  from  unpublished  measures  of  Prof.  Hakknkss, 
made  shortly  after  the  remounting  of  the  telescope  at  this 
site,  give  9".93'J  and  9".93756  respectively. 

As  the  coincidence  of  the  micrometer-wire  with  the  fixed 
wire  remained  practicallj  i stanl  the  mean  lor  each  series 

Was  used  in  deriving  the  measured  distances  ami  differences 

of  declination.  The  mean  position  of  the  equator-point  of 
the  position-circle  was  also  used  for  the  same  reason,  for 
such  times  as  it  remained  unaltered  by  adjustment  or 
otherwise. 

When  necessary,  the  observed    Ai  was  corrected  to  n 
it  to  the  time  of  the  da,  and  to  both  were  applied  the  cor- 
rections lor  differential  refraction  and  for  the  motion  of  the 
planet,   in   the   interval  .  Ik.      When    position-angle  and  dis- 
fcanci  were  observed,  the  former  was  eon  duce  it 

to  the  time  of  the  distance  measure,  and  both  con 


for  refraction.     The  observed  quantities  were  reduced  to 
rectangular  i rdinates  by  the  formula 


S,  +  o, 


+  (.■'!  +  *»)  '■'•,—'•,> 


tan  c. 


tan  6  ■ 


•''i  — ■'•-  =   («i—  «j)  cos 

.'/.-//,  =  8,-8. 

The  small  quantities  represented  by  the   last    term   in 
these   equations   are    included    in   the  ••  I 
given  in  the  table  of  observations.     In  these  computations 
1    have  followed  generally    the  methods   and    formulas    of 
H.  Stbuve  (Supplement  I.  aux  Observat 
1888).     The  computed  quantities,  corresponding  to   ■ 
derived  from  observation,  were  obtained  by  the  well  known 
formulas  of    Bessj  l     Astr.  Naehr.  Vol.  9,  v 
the   followin  elements   of  the  satellites   for    the 

L895.0,  G.M.T. : 


Titan. 

0     /     # 

tus. 

B, 

86  1  58.7 

r 

60  10  3.4 

l\ 

277  l"  IV-: 

P 

;;;.:;  36  30.7  +  ' 

", 

168  19  27.8 

», 

1  1 1  55  l :  : 

'i 

27  :;::  52.9  -  0 

is  30  57.5  -  l 

'■, 

0.02922326 

795 

A, 

176".60 

a, 

."■1  l  '.636 

A, 

22  .5769962 

t  .53794773 

For    /     •     the  mean  longitude  was  taken  froi     I    •- 

.  to  which  was  added  the  constant     12'    IV. 7.    for  the 
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ence  of  Ion  '  ris  and  Greenwich,  and 

iimed. correction  of  +■  I'  2" '."_'  to  Ressel's  mean  longi- 
tudes. The  longitude  of  the  node  on  the  ecliptic,  n„  and 
the  inclination,  <',.  were  taken  directlj  from  the  same  tables. 
The  eccentricity  and  the  corresponding  equation  of  the 
and  radius  vector  were  taken  from  the  tables  of 
Prof.  \.  II  \i.i.,-ii:.  (  Trans.  Ast.  Obsy.of  Yale  College,  Vol.  1. 

Part    [I). 

For  lapetus,  all  the  data,  except  a.,,  were  taken  without 
correction  Erom  Prof.  A.  Hall's  tables  of  Tapetus.  {Wash- 
ington Observations,  1882,  Appendix  I). 

From  these  elements,  and  the  apparent  obliquity  of  the 


ecliptic   for   the   respective   epochs   of  each   ot  the  three 

auxiliarj  quantities  N,  /and  w  were  computed 

for  each  satellite,  and  the  rectangular  coordinates  sr„  y,  and 

jing  the  formulas  of  Bi  bsi  i .. 

The   comparison   of  the   computed    with   the  observed 

quantities,  is  given  in  the  column  C     0.      The  residuals 

,•  and  v    in  the  same  table  are  the  results  ot 

adition  of  the  values  derived  from 
the  fourth  solution  given  on  page  87.     The  values  adopted 
mi, in  differ  bo  little  from  thi 
oi   substitution  was  omitted. 


Computed  -    •  Ibser^  ed  Pl  m  es. 


1-  4 

A  p..  23 


Gr.M.T. 


May 


J  une 


9 
11 
12 
16 
21 
22 
23 
28 
29 

1895 

Mar.  22 
23 

Apr.  3 
4 
5 

11 
15 
17 
18 
19 
23 

May     4 

9 

10 

18 

20 


14  18.6 

12  58.9 

13  54.3 

14  21.4 
13  21.0 

11  II. I 
13  19.7 
13  18.4 
1  I  10 

12  44.0 
12  53.4 
12  53.8 

12  29.8 

13  38.0 
12  49.6 
12  46.9 
12  32.2 

12  54.6 

13  33.1 
12  L3.8 
12  55.3 
12  38.5 

12  59.7 

13  3.S 
12  51.6 
12  .".."..7 

12  52.3 

16  50.4 

16  36.4 

17  34.6 
17  18.2 

15  19.6 
15   10.1 

15  38.9 

16  9.3 
16  13.* 
L6  :;;•■,". 
15  55.9 
15  22.1 

14  42.2 
14  1 

13  24.5 
13     7.2 


-104.35 
I  38.87 
+111.13 
+140.55 
+  82.94 
+  117.52 
+  163.48 
f  184.03 
+173.55 
.07 
149.60 
_  93.02 
+  49.56 
+117.66 
+  161.76 
+  69.61 
-131.60 
-178.60 
-141.33 

-  17.44 
+  54.64 
+163.57 
-132.35 
-170.58 
-184.47 
+  56.95 
+  116.79 

-192.12 
-171.19 

-  40.33 
-107.69 
-157.83 
+  19.04 
+  183.23 
+  100.13 
+  30.25 

-  45.15 
-193.86 
f  24.98 
-192.34 
-165.31 
+ 148.53 
+  24.14 


r  156.43 

I  69.86 

r  22.82 

157-.22 

198.15 

-  522.49 
533.41 
541.24 

-  545.94 
544.80 

-439.97 
-413.65 
35  L57 
-320.13 
-286.61 
-134.60 

-  13.30 
+  108.49 
+  148.66 
f  222  42 
+258.16 
+  381.04 
+  480.12 
+  491.16 
+  498.92 
+  489.74 
+  478.28 

-361.1 
-392.43 

-545.04 
-539.19 
-530.66 
-412.34 
-281.96 
-204.89 
-164.60 
-122.90 
I-  15.58 
+  439.29 
+  521.04 
+528.37 
+  453.49 
+  401.78 


C 


0 

x,  —  r„ 


-260.78 
30.99 
+  88.31 
+297.77 
+  281.09 
+  640.01 
+696.89 
+  72.V27 
+719.49 
+  621.87 
+  290.37 
+320.63 
+  104.13 
+437.79 
!  1  18.37 
+  204.21 
lis.:  a  i 
287.09 
-289.99 
-239.86 
203.52 
-217,17 
-612.47 
-661.74 
-683.39 
-432. 79 
-361.49 

+  169.05 
+  221.24 
+504.71 
+  431.50 
+  372.83 
+431.38 
+465.19 
+305.02 
-:  L94.85 
+  77.75 
-239.44 
-414.31 
-714.28 
-693.68 
-304.96 
-377.64 


262.53 

-  31.26 
+  87.53 
+  297.33 
+280.35 
+639.50 
+696.11 
+724.10 
+719.22 
+620.86 
+289.97 
+318.84 
+402.38 
+436.03 
+446.50 
+  202.60 
-120.40 

—290.20 
-241.41 

-204.93 
-218.68 
-613.61 
-662.90 
-6S4.56 

-  134.45 
-363.06 

+  16S.S9 
+  220.55 
+503.81 
+430.32 
+371.50 
+429.48 
+463.50 
+303.47 
+  193.41 
+  76.81 
-241.23 
-416.20 
-715.00 
-695.18 
-306.76 
-379.71 


C  — O 


+  1.75 
+  0.27 
+0.78 
+  0.44 
+  0.74 
+  0.51 
+  0.74 
+  1.17 
+  0.27 
+1.01 

+  0.40 

+  1.79 
+1.7S 

+  1.76 
+  1.87 
+  1.61 

+  2.10 

+0.21 
+ 1 .45 
+  1.41 
+  1.21 
+  1.14 
+  1.16 
+  1.17 
+  1.66 
+  1.57 

+  0.16 
+  0.69 
+  0.90 
+  1.18 
+1.33 
+  1.90 
+  1.69 
+  1.55 
+  1.44 
+  0.94 
+  1.79 
+  1.89 
+  1.02 
+  1.50 
+  1.80 
+2.0 


Vi 


I  31.23 
+39.27 

+  34.08 

-21.91 

32.59 

+  31.86 
+2*68 

+   son 

-  7. 78 
-34.71 

+  1S.SO 

+29.25 

+  35.88 
(-30.46 

+  I'll.  C,o 

-  30.79 
-30.05 
+  6.18 
+  19.17 
+  34.29 
+34.53 

-  8.01 

-  28.65 
-1S.S4 

-  6.53 
+  33.60 
+  28.20 

+  5.61 
+26.17 
-55.66 

-48.21 
-34.39 
+  54.S7 
—10.30 

-  17.01 
-55.29 
-55.08 
+  8.26 
-54.10 
+  8.76 
+  27.65 
—30.69 
-52.41 


-153.43 

139.81 

-131.03 

-  88.63 
70.0  1 
+  60.70 
+  81.54 
r  92.56 
+  103.77 
+  122.70 
+164.22 
+166.34 
+  lf7. 60 
+  ICC.  70 
+  104.02 
+  148.32 
+  127.05 
+  00.  is 
+  88.47 


V\ 


o 

?/,  — ;/, 


t   1S4.CC    ( 
+  170. os  + 
+165.11  + 
+  66.72!  + 
+    14.35  + 
37.93  - 
59.86 
-  84.56 
-111.55 
-157.41 
-145.42 


183.53 

177.70 
164.48 
65.20 
42. CO 
39.05 
61.03 
85.22 
112.35 

1  15.30 


+  66.63 
+  54.86 
+     6.17 

-  54.41 

-  65.6S 

-  76.39 
-121.43 
-128.24 

-  24.27 

-  8.96 
+  144.56 
+ 154.55 
+  163.20 
+  196.26 
+  195.17 
+  187.49 
+  181.96 
+  175.27. 
+  138.97 

-  14. CO 

-  87.12 
-100.03 
-173.25 
-180.50 


-131.72 
-136.24 
1  14.32 
-179.11 
-157.10 

-  93.00 

-  69.30 

-  32.37 

-  20.33 

-  14.18 
+  25.76 
+  46.84 
+  69.86 
+  155.03 
+  156.44 

+  29.88 
+  35.13 
—200.22 
—202.76 

-107.50 
-141.39 
-205.47 

-234.53 

-237.2.1 
-230.33 
-130.71 

-  39.41 
+  95.88 
+  127.6S 
+  142.56 
+  128.00 


+1.13 
+1.38 
+0.63 
+1.52 

+  1.7/ 
+  1.1: 
+1.1; 
+0.66 
+0.80 

-O.I: 


-131.18 
135.39 

-143.24 

178.18 

-156.04 

-  01. so 

-  66.78 

-  30.8( 

-  18.40 

-  12.33 
+  26.56 
+  46.67 
+  70.43 
+  17.5.5: 
+  156.3 

+  27.88 
+  33.29 
-201.86 
.  203.74 
-198.26 
-140.65 
-203.52 
-233.09 
-235.37 
-228.80 
-120.13 

-  38.42 
+  96.07 
+  127.55 
+  141.42 
+126.45 


-0.54 
-0.85 
-1.08 
-0.93 

-1.06 
-1.20 
-2.52 

-1.51 
-1.93 
-1.8* 
-0.80 
+  0.17 
-0.57 
-0.50 
+  0.07 

+  2.00 

+  1.S4 

+1.64 

+0.98 

+0.6 

-0.74 

-1.95 

-1.44 

-1.48 

-1.53 

-1.58 

-0.00 

-0.19 

+  0.13 

+  1.14 

+1.64 


+  0.37 

•-0.97 

-0.24 

-0.17 
0.12 

+  0.I0 
+  0.44 
+  0.01 
■    o.l  I 

_0  10 

-1.11 
+  o.os 
-0.20 
-0.11 
+0.13 
-0.70 
-0.25 

1  05 

—0.33 

-  0.40 

-0.07 
-0.53 
-  0.25 
-0.10 
+  0.30 
+  0.39 

+  O.20 
+  0.75 
-0.24 
+0.03 
+  0.27 
+  0.37 
+0.28 
-0.34 
-0.69 
■-1.00 
*+0.26 
+  0.14 
+  0.36 
+  0.19 
+  0.37 
+  0.10 


-0.43 

+0.06 

0.58 

0.19 

-0.18 
+  0.02 
+0.30 
-0.17 
-0.03 

—6.2*3 

+6.42 

+  0.11 
+0.43 
+  0.55 
+0.27 

+  0.25 
-0.66 

+  0.44 
+  0.21 
+  o.l7 
+0.02 
+  o.7S 
-0.05 
+  0.07 
+0.60 

-0.20 
-0.22 
+  0.71 
+0.15 
-0.03 

-O.40 
-0.01 
-0.18 
-0.25 
-0.19 
+  0.04 
-0.01 
+  0.29 
+0.63 
+  0.45 
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Date 


Gr.  M.T. 


xs 


C 


o 


0  —  0 


." 


."■ 


c 
Vi—  y-i 


0 

yt  —  y-i 


/i 


May   22 
23 

28 

29 

June    1 

3 

(5 

7 

17 

1896 

Apr.  26 

May     4 

6 

9 

10 

11 

14 

16 

27 

29 

30 

June    1 

2 

5 
10 
11 
12 
15 
17 
19 
20 
26 
29 
30 
July     1 


12  50.0 

13  46.2 

II  1.1 

];;  0.8 

Il3  20.3 

L3  59.6 

11'  58.5 

L2  12.4 

13  25.9 


54.3 

16.9 
51.3 
27.8 
1  1.1 
29.3 
58.5 
1  L6 
14.6 
10.9 
17.0 
4.9 
24.8 
59.1 
33.7 

54.7 

.».»  •> 

39.5 
54.2 
34.5 

35.9 
23.0 
22  1 
49.0 
44.1 


-114.66 
-165.78 
-  38.31 
+  32.80 
+  179.83 
+  140.80 

-  54.36 
-117. 50 

+176.77 

-131.34 
+  112.60 

-  25.59 
-185.10 
-193.61 
-174.03 
+  12.25 
+  142.07 
-169.67 

-  56.00 
+  14.43 
+  1  14.99 
+  17t',.7(i 
+104.24 
-184.59 
-188.51 
-164.99 
+  19.03 
+144.34 
+  175.64 
+148.97 
-182.19 
-110.30 

-  17+1 
+   24.44 


+339, 
+302, 
+100, 

+   58, 

-  71', 
-157, 
-27:;, 
-308, 
-520, 

-  124.81 
-546.45 
-544.30 

-516.66 
-501.23 
-482.45 
-409.35 
-349.48 
+  83.46 
+165.15 
+  202.12 
+  177.17 
+310.51 
+  399.85 
+  494.96 
+  504.(17 
+  510.13 
+  507.20 
+  487.85 
+  454.66 
+434.48 
+251.80 
+135.56 
+  95.76 
+   54.65 


-  153.70 
168.27 

-  L38  70 

-  26.18 
+252.02 


88  +298.68 
53  +219.17 
73  +191.23 
40  +697.17 

+293.47 

+  659.05 

+518.71 

+  331.56 

+  307.62 

+  308.42 

+421.60 

+  191.55 

253.13 

-221.15 

-187.69 

-132.18 

-133.81 

-295.61 

-679.55 

-692.58 

675.12 

188.17 

-343.51 

-279.02 

-285.51 

133.99 

245.86 

-1  12.80 

30.21 


-  155.82 
170.95 

-139.67 
26.58 
r-251.55 
+297.87 
+218.33 
f  191.16 
1-696.93 

+293.69 
+  658.70 
+  517.46 
+330.21 
+306.53 
+306.87 
+419.76 
+489.80 
-255.53 
-222.46 
-1S8.87 

-133.03 
-135.30 
-297.03 

■  681.21 
-694.27 

-677.24 
-489.35 
345.01 
-280.98 
-287.45 

-  135.12 
-245.82 

1  13.08 
30.33 


+  2.12 
+2.68 
+  11.97 
+0.40 
+0.47 
+0.81 
+0.84 
+  0.07 
+0.24 

-0.22 
+0.35 
+1.2, 
+  1.35 
t-1.09 
+1.55 
+  1.S4 
+  1 
-  2.40 
+1.31 
+  1.18 
+0.85 
+  1.49 
+  1.4 
+1.66 
+  1.69 
+2.12 
+  1 . 1  s 
1-1.50 
+  1.96 
+  1.94 
+1.13 
-0.04 
+0.28 
+  0.12 


29.08 
•  50.04 
+  50.18 
+  8.22 
31.36 
19.95 
-41.79 
+   6.54 

f- 51.05 
55.51 
66.62 
-17.99 
+  7.06 
+  31.48 
+64.17 
+37.92 
+32.5 
+  61.7 
+62.72 
h  35.35 
+  12.16 
54.35 
-13.80 
+  9.72 
+  32.S0 
f  60.90 
+33.79 
-15.33 
-37.00 
-11.84 
+50.1  I 
+59.05 
+58.96 


-181, 

159 

-151, 

-121, 

-  97 

-  57, 

-  43 
+  96, 


74  +138  75 
89  +152.81 
(in  +209.03 
33  +201.51 
41  +129.63 
65.72 
25  +  7.30 
17  + 
'.( I        90.37 


+  136.71 
+  151.16 

\-  207.28 
I  L99.66 
t- 127.75 

-  63.83 
+     5.0 

-  0.96 
91.22 


1-2.04 

+ 1 .85 
+ 1 .88 
+  1.89 

+2.34 


+  1.1  l 
-0.15 

♦+0.19 

+0.11 

H0.03 
+0.18 


+  5.94 
+  125.65 

-  I  19.39 
+  178.17 
+185.67 
+  191.16 
+204.42 
+206.41 
+  134.1  1 
f  108.13 

-  94.95 

-  65.06 

-  50.16 

-  3.14 

-  74.35 

-  88.23 
-102.12 
-137.99 

—  157.54 
-172.73 

- 1 78.22 

-185.68 

-172.08 

L65.35 

-157.40 


+    45.11 

-181.16 

-216.01 

-196.16 

L78.61 

-160.68 

I  10.25 

L68.49 

-  L01.59 

-  16.36 


-  13. 
181. 
216 

-197. 
-17S. 
-161. 
-139 
166 
-100 

-  44 


39 


+  1 
+0, 
+  0. 
+0. 

03  -  0. 
19  -1, 
93      1 


18 

_  30.67 
<\r, 
35 
10 
24 


29.71 
38.00 
57.49 
60.55  • 


.-. 


+ 


+    97.9.". 

1-134  92 

1-198.89 
+  191.33 

r- 157.40 
+  1  11.11 
+  17:;.  si  +171 
+  'J-j-j:j-j  +iio 

1-224.40   •  -.- 
+216.31 


17 
36 
:,.; 
60 


-1. 


+135 

+  19S 
+191 
+  156 

+  140 


l:;  0 
c,l  +0 
34  -o 
1 5  +  1 

10  +1 
..Vi    t- 


-0. 

-o. 
+0. 
+0. 

+  0. 

+  0. 

+  o, 

+  o. 

+  1. 
*-0. 
*-0. 

• 

*+0. 
+0. 
+0 

+  0 

-II 

+  0 

+0 

+  0 
*-0 
*-0 

♦-II 


03-0.11 
:;i   -  0.20 

55  1-0.14 
76  +0.05 

05  -0.24 

44  +H.13 
II  0.28 
89  -0.40 
17  +0.31 

- 

62  +H.11 

: 

96  -o.ll 


The  coefficients  of  the  equations  of  condition  were  com- 
puted for  each  satellite  from  the  formulas  of  B]  ssel,  just 
as  if  each  satellite  had  been  referred  to  the  planet's  center, 
except  that  those  of  Iapetus  were  reversed  in  sign.  The 
form  of  each  equation  is 

"18A'1  +  V,SP1  +  c18f1  +  r/18  /1  +  c1sin/,S.Y1+/,  <W, 

-Jj^SPj-CjSej-dsS  A,  -e„smL8.IX,-t:,Z/„  +  n  =  0. 

In  forming  the  coefficients,  in  order  to  reduce  their 

tn.le.  each  one  lias  1 n  divided  by  its  corresponding   A. 

thus  expressing  all  the  corrections  to  elements  in  seconds 
of  arc.  4' he  computations  have  been  checked  iii  two  \\  ays  . 
fust,  by  checking  the  numerical  work,  and  second.  h\  plot- 
ting the  coefficients  on  ruled  paper  with  bhe  Longitude  of 
the  satellite  as  abscissas.  Thej  may  thus  be  affected  by 
systematic  error,  but  the  computation  of  several 
has    been  carefully   made    in    duplii  tard  against 

this. 


In  the  formation  of  the  normal  equations,  all  but  : 
bhe  equations  of  condition  have  been  given  equal  v. 

thoi t    L894  June  '.'.  and  L895  Ma\  20,  which  were 

half  weight.     Following  strictly  the  estimates  of  the  ol>- 
servin  irlyall  the  observations  when  Tapetuswas 

at  or  near  eastern  elongation  should  have  been  given  smaller 
weights;    this,    however,  would  have  made    the  resulting 
elements  depend  too  much  on  the  observations  at  western 
elongation  and  at   the  two  conjunctions.     Informin 
and  products  of  the   coefficients,  the   lattei 

taken  to  the  nearest  third  decimal  of  their  natural  nun 
and    the    operations    performed    by    means    of    Crelle's 

tables. 

The  normal    equations   on    following  page  are  for  each 
ir,  and  for  the  three  years  combined,  giving  the 
equations  of  declination-diffei 

for   the   three   years   combined,   in    which  the    equatii 

tcension  and  declination  are  given  equal  weighl 

i hose  for  the  sepai ate  ■. 
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Norm  ix  Eqi  \  noire. 
1804.     Epoch  Maj  26th,  I  I  .54  G.M.T. 

((,  b,  ci  <h  fi  .'i  —  "i  ci  dj  6]  /i  n 

L6.1830     5.6669     10.8948+1.1697.   5.1464+1.7293     0.0606     L0.2365+   2.0909+0.3062-1.2216+0.4044+  7.4698 

9.5948+13.2182-2.0819+1.7406+0.9005+1.0650+13.2179-   8.0964  1-0.1447     0.3449    0.7447-  13.1738 

68.0455-  7.32174  1.8561      L.6649+3.4948  l  59.5093—22.3500-4.7429+0.2610  *  2.5418     18.7010 

L3.2258-  0.5187+2.8378+2.4339      6.3557+   2.5167+5.8225+1.2649-0.6437+  3.7117 

13.2855+0.7276     1.9862+  2.0955-   1.6790—0.6435+6.8030    3.2207+  4.9831 

14.1758—0.5514-   0.5988-   2.3220-   0.3063+1.1576—1.4144-  0.1482 

14.6131+   3.4762-     0.3171—0.2777-1.70094  1.7665-13.8277 

57.2974-22.9350-4.6814     0.1861+1.7319-    16.0909 

16.4  116+0.0828+0.9571  +0.7653+16.9408 

15.1506+2.82824  L.1661+  2.9874 

13.9413  *  0.3668+17.6594 

13.3731+  0.5052 

*  76.0694 

X 

1595.  Epoch  May  5th,   I0h.l  G.M.T. 

L5.7002+6.5185+11.3828+0.0133-6.3293+2.6965+1.8635+  8.9261-  6.1366—1.7497+0.4612+1.1354-  8.9905 

L7.8217  I  22.3656+3.6704-3.0823-1.3276-2.8424+21.8231-18.3130-4.5247+0.7415-0.6093-12.4671 

60.0699  ¥  1.8332     1.6375  1-2.6712-3.5054+50.2634—30.4811-4.8480     0.8628+0.6622-47.9556 

14.7668+0.2439+3.3574-0.8158+  3.11  18-  3.6156+0.9151  -0.0366+0.3162-  7.4185 

1  1.0875-0.9155-0.3177-   1.3617+  3.5026-0.0514-0.3853—0.8679-    1.2418 

1  1.2927+0.3226+   1.4363+  2.3776+0.6220+1.3956+2,3530-  4.2009 

1(5.1695-  4.201!)+  5.0492-1.1736-0.5847+5.7647-  8.1247 

48.3400-29.9068-4.1417-0.1351+0.3316-41.0479 

28.9375+3.8368-0.9282+1.4362+14.7546 

13.9544+3.  I486  + 1 .2731+  4.7603 

L3.1558+1.6713+24.4339 

14.5271+  4.6331 

108.3336 

1596.  Epoch  June  1st,  10\0  G.M.T. 

14.9180-7.6436-12.0430-1.6228-7.1965+3.7879-1.3304—10.1351+  9.5777-2.3048-0.1010-0.6601+  9*.6400 

24.6082+23.0890  +  1.5168+0.0200+1.4522+4.0665+19.7160-26.8743+1.2117-1.3110  +  1.8302-23.3382 

50.7679+3.2215+3.5772-3.7587+  2.0136  +  35.9289-30.7137  +2.6319  +  2.2028-0.7<>'.M>-4<>.1133 

16.5112+0.3163+3.8866-0.1183+  3.5642-  4.4411-2.8615-0.7026+1.2403-  5.1733 

14.7549—3.2694+1.1090+   2.3886-  0.4010+0.8518-0.8697+2.7054-  9.0275 

12.6515+0.4970-   1.5200-  2.1684-0.3390-1.3447  +  1.4530-  1.5646 

12.8857  +  0.S54  4  -  5.9030-1.1871-0.2297  +  6.3357  - 14.5578 

30.6852-25.0580  +  1. 9132  +  1.2302-0.071  o  -32.4817 

38.0020—3.8305+1.5507—1.9785+31.0467 

16.9329  +  2.9432  +0.41 56  -    1 .8431 

10.6684+0.4114+15.361  t 

16.7634-  0.1063 

92.1775 

1894-6-6  (J8  double  weight).     Epoch  May  21st,   19h.T  G.M.T. 

50.0910-6.1334-12.0911-0.4055-29.9533+  9.1399+0.5375-   11.8461+   4.9759-3.7244-   1.5587+  0.8163+   11.2673 

64.530S  +  52.6252  +  3.S631-   3.7227+   3.0890  +  2.6731+   55.5625-68.2917-3.8178-   2.5027-   0.3148-  42.8140 

182.9469  +  0.1555+  5.8137-  4.0792  +  1.6645+145.9279-76.0740-6.7755+   2.5700+  2.2939-139.6559 

47.8021+  0.1746+20.4319+1.8255+     0.6257-  6.6531  +  4.1010+   0.2370+   2.0997-   11.7110 

S2.9S44-   5.6768-2.2634+     4.4112+  3.8623-0.1249+   9.1004-   2.6260-   17.0933 

81.0036+0.4638+     0.1363-  5.2039+0.7247+   2.4529+  4.5897-  12.2923 

48.2091-     0.1561-   1.8294-2.5616-13.2083  +  23.3563-    54.6002 

138.5930-78.9406-6.7445+   1.7255+   1.7884-119.1209 

103.5857  +  0.7355+  3.8943+   0.5278+   56.0697 

51.0173  +  15.7275  +  15.0503+   19.8519 

73.4761+   3.4181  +  120.2134 

84.6658+   13.2389 

411.2085 
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Although  the  number  of  equations  of  condition  forming 
the  normals  for  each  series  is  too  small  to  give  a  good  solu- 
tion with  twelve  unknown  quantities,  yet,  for  the  purpose 
of  indicating  the  presence  of  systematic  errors,  I  have 
solved  each  series  separately.  The  results  of  these  solu- 
tions, for  the  three  years  combined  giving  equal  weights  to 
tin'  ••([nations  of  da  and  Jd.  and  finally  for  the  three  years 
combined  giving  the  latter  equations  double   weight,  arc 


given  below  in  tabular  form.     The  relatively  larger 

able    error  of    a    single    observation    given   by   the    last 

two  solutions   will  doubtless    be  reduced   to    agree   more 

closely  with  that  resulting  from  the  separate  series 

use  of  a  more  nearly  correct  value  for  Px,   P  . 

which  would  result  from  the  use  of  more  accurate  • 

of  the  secular  changes  in  these  elements. 


Correction  to  Elements  Derived  from  Solution  of  Normal  Equations. 


1894 

1895 

1896 

lv.. 4    "    .     I 

1894-5-6  II 

Corr. 

p.e. 

V\"t. 

Corr.     ]    p.e.       Wt. 

Corr.      |     p.e. 

Wt. 

Corr.         p.e.       Wt. 

Corr. 

Wt. 

8#, 

+  0*1700 

0.0755 

9.3 

+OJ88o|o.0695  11.0 

-pp. .-.I' *0839 

9.5 

0.047235.5 

36.7 

e.SP, 

+0.4351 

.1135 

4.1 

-0.0412    .1124     1.2 

+0.0651    .1078 

4.7 

+  0.2462 

.0759  16.8 

.  (02 

.0642 

1S.C 

Be, 

+  0.41 '.tn 

.0958 

5.8 

+0.2882    .0862    7.2 

+0.2469    .0831 

7.9 

+0.4279 

.0650  22.9 

+0.4140 

28.0 

8./, 

-0.1390 

.0780 

8.7 

+0.3300 

.0682  L1.5 

+0.1944    .065212.8 

+0.1355 

.0486  10.9 

+0.1397 

.0429  41.7 

sin  Ix  8-Vj 

+0.2466 

.0805 

8.1 

+0.2980 

.0710  10.6 

+0.5136    .073610.0 

+0.4377 

.053733.4 

+0.4048 

8/, 

+0.2668 

.0677 

11.8 

+0.1805 

.07011  10.7 

+0.1718    .0769 

8.4 

4-0.2298 

.0511  37.1 

+0.2327 

_ 

69.6 

oE. 

+0.7473 

.ucs  7 

11.0 

+0.8078 

.0663  12.2 

hl.5015    .0786 

8.8 

+  0.9347 

.0516  36.4 

+0.9328 

.0446 

38.4 

e.,  8P„ 

+0.5102 

.1203 

3.7 

-  0.9890    .11  10    1.1 

+1.2186    .1163 

4.ii 

f-0.6252    .0803  15.0 

+0.6671 

.0670 

17.0 

8e„ 

+0.6398 

.1085 

4.5 

+0.5926 

.0968    5.7 

H0.4643    .0939 

6.1 

+0.4634 

.0680  - 

-n.1771 

.0548 

25.4 

6  A, 

+0.4532 

.0716 

10.4 

+0.4387 

.0702  lo.s 

+0.5293    .0634 

13.4 

+0.4629 

.0484  11.:; 

+0.4529    .0424 

12.7 

sin  L  BN2 

-1.3889 

.0737 

9.7 

-1.8031 

.068411.4 

-1.7413    .0768 

9.2 

-1.6580 

.053433.9 

-1.6468 

63.3 

&I, 

-0.3872 

0.0717 

10.3 

-0.6000 

0.0677  11.7 

—0.561  1  0.0657 

12.6 

-0.47)74 

0.0509|37.0 

610.0338 

67.1 

5.8219 

5.6638 

6. 8 

29.5684 

5.4456 

5.6709 

5.8508 

29.9392 

±o.2:;oi 

±0.2306 

±0.2331 

±0.3130 

The  results  of  the  last  column  are  adopted  as  definitive, 
and  their  application  to  the  assumed  elements  give 

Titan. 

E      52'    1.81  ±    0.896  (+1.25) 

P  2S0     5.7    ±42.6      (  +  6.38) 

N  125     3.33  ±    6.0:::. 
i"        6  28.52  ±    0.301 

n  168  24.80  (-1.75) 

i      27  42.66  (-0.23) 

e  0.031568  +  0.000294  (  +  0.1 

A  176".740±0".043 

The  quantities  in  parentheses  ai  tions  for  the 

die  disturbances  caused  by  the  Sun.  Struve,  in  the 
work  previously  cited,  has  derived  the  mosl  probable  ele- 
ments of  Tapetus  and  Titan,  and  their  perturbations  of 
long  period  caused  U  the  Sun,  the  ellipticity  of  Saturn 
ami  his  rings,  and  the  other  satellites.     A  comparison  of 

Taj 
Stbuvk  Brown 


35.8268 

±0.2761 

ted   elements,  referred  to  the  epoch   1895   May   22.0 
G.M.T.,  the  following:  — 

J'.ij 

E  345°16.60  ±    0.301    1+   4^54) 

P  356  15.07  ±  16.13 

N  52     9.21  ±    0.952 

7  11    in. in;  ±     0.227 

n  142     5.09  (-  6 

i       IS  20.00  1.70) 

e  0.0287226±0.l 107|  -0.00016) 

A  515".089   ±0".042 

these  elements,  reduced   to  the  epoch  1895.34,  with 
derived  from    my  observations   is  given  below.     The  ele- 
of  Titan,  derived  by  A.  II  u  1..  Jr.,  are  also  thus  given. 
as  a  confirmation  of  the  still  greater  in.  :  .ry  in 

the  value  of    ll\  ad.q. id  by  Bessi  1 . 


JS, 

345  19.92 

345  21  p.  1  l 

r 

355  16.8 

355  31.5 

n . 

1  1 1    5S.00 

141   5S.CH 

1; 

is  23.0 

L8  21.70 

0.02850 

0.02871 

\ 

51  r.589  1  0' 

040 

515ff.089±0".042 

■n. 

Mi:i  vi: 

l!i;..w  \ 

A     II  via.  .lr. 

51   57.80 

52     3.06 

51 

r 

278   17.5 

280  12.1 

280     7.5 

c 

L68  21.02 
27  39.74 

L68  23.05 
27    12.43 

L68  20.28 

27  40  :: 

'', 

n  029053 

0.031629 

0.029112 

A, 

176   • 

0 

14 

176 

043 

L76    ! 

The  close  agreement  of  the  elements  of  Tapetus,  with 

the  exception  of  important  quantity  A,,  is  all  that  could  be 


id.      In   thee  ,  however,  the  differci 

the  values  oi    A",  .  », .  <\  and  8,,   are  much  greater  than  would 
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I spected  from  their  respective  probable  errors.     I  think 

thej   are  due  to  systematic  errors  in  the  observations  of 
i  icension  diffi  renci   .  cau  led  bj   I  be  g  i  eal   v  ariation 
brightness  oi  Tap*  tus  between  his  eastern  and  «  estera 
\    the  pi  incipal  purpo  i  oi   thi    communica- 
tion is  to  give  an  abstract  of  a  more  complete  discussion  to 
appear  Bhortly  in  the  regular  publications  of  the  observatory, 
it  will  Buffici  lilting  mass  of  Saturn,  with  a 

brief  comparison  of  il  with  the  different  rallies  previously 
obtained. 

Ne  looting  the  influence  of  systematic  errors  on  the  value 
of  a,  and  A,  and  adopting  ten- A,,  Stkuve's  value  22  .57701 16, 
and  for  \...  4°.537797,  there  results,  from    the  values   of 
A,  and  A.  given  in  the  corrected   elements,  the    folio 
values  of  the  mass  of  Saturn:  — 


From   Titan, 


=  3490.4  ±  2.55 


From  Tapetus,  =  3401.8  ±  0.85 

in 

Combining  these  two  results  according  to  their  weights 
1 


we  get 


3491.7  ±  0.81 


This  value,  it  will  be  seen,  lies  between  that  of  Prof. 
11  mi.  on  the  one  side  and  those  of  BESSEL,  II.  Struve  and 
A.  Hall,  Jr.,  on  the  other.  Struve  corrects  Bessel's  value 
for  an  error  in  the  scale-value  of  the  heliometer  and  for  an 
error  in  the  assumed  mean  distance  of  Saturn,  deriving  a 
final  value  of  the  reciprocal  of  the  mass  of  3502.5.  Hall's 
values  corrected  to  his  finally  adopted  value  of  the  microm- 
eter-screw would  be  3493.8  for  lapetus  and  3482.7  for  Titan, 
from  the  measurements  of  position-angle  and  distance. 
Struve  further  points  out  that  these  values,  as  well  as 
those  resulting  from  the  observations  of  da  and  dh,  may 
require  a  still  further  positive  correction  of  about  two  units 
on  account  of  the  partial  use  of  Bouvard's  tables  of  Saturn. 
From  data  furnished  me  by  Prof.  Newcomb,  1  find  that  the 
value  of  AL>  will  be  reduced  by  0".047  for  the  results  of 
right-ascension  and  declination,  and  by  0".024  for  the  re- 
sults of  position-angle  and  distance.  This  would  increase 
the  mass,  derived  from  all  of  Hall's  observations  of  lapetus 

and  Titan,  by  0.7  of  a  unit  in  the  value  of     —     Leaving 

in 
this  small  correction  out  of  consideration,  we  have  the  fol- 
lowing determination  of  the  reciprocal  of  Saturn's  mass: 


From  Titan. 

1831.2         Heliometer  3502.5  ±  0.77 

la  and./o  3496.3  ±  1.84 

sandy;  3482.7  ±  1.49 

Heliometer  3500.5  ±  1.44 

.A<and./S  3495.7  ±1.43 

da  and  dS  3490.4  ±  2.55 


A.  Hall,  1876.7 
A.Hall,  1878.7 
A.  Hall,  jr.  1886.3 
H.  Struve,  1885.7 
Brown,        1S9G.3 


\.  Hall,  1880.2 
A  Hall,  1876.7 
II.  Struve,  1885.7 
Brown        1896.3 


From    In /at  us. 
8  and  // 

/.  and  1& 
/aand  In 
/a  and   l>, 


3493.8  ±  0.97 
3481.2  ±  0.65 
3500.2  ±  0.82 
3491.8 


The  value  derived  by  Prof.  Geo.  W.  Hill  from  the 
oi    Saturn   "ii   Jupiter   is   3502.2  ±  0.53.      [Astronomical 
of  the  American  Ephemeris,  Vol.  VII,  Part  I.  p.  17]. 

Then  probability  thai  the  value  last  given  will 

be  much  changed  by  fui  ure  investigations  of  the  same  kind, 
and  hence  it  is  probable  that  the  values  resulting  from 
direct  observations  of  the  satellites  are  affected  mure  or 
less  by  systematic  errors  inherent  in  the  method  by  which 
t In1',  are  obtained. 

s.i  far  as  concerns  the  observations  of  the  present  series 
there  is  evidence  of  s\  rror  which  would   make 

the  resulting  mean  distances  too  great,  and  the  correspond- 
ing mass  also  too  great.     All  the  quantities  (('  —  O)  di 
from  differences  of  right-ascension  are  positive,  while  there 

is  also  a  preponderani f  positive  residuals  in  this  codrdi- 

nate  resulting  from  the  substitution  of  the  derived 
in  the  equations  of  condition.  This  may  Vie  explained  on 
the  supposition  that  transits  of  lapetus  were  always  ob- 
served too  late,  and  that  this  error  was  greater  when  lapetus 
was  at  or  near  eastern  elongation,  in  which  portion  of  its 
orbit  it  was  often  almost  invisible.  Such  a  variation  of  the 
personal  equation  would  be  in  accord  with  general  experi- 
ence where  transits  are  recorded  by  means  of  the  chrono- 
graph. A  difference  of  0\04  in  the  personal  equation  for 
lapetus  would  be  sufficient  to  cause  a  change  of  ten  units 

in  the  value  of     — 

in 

A  series  of  measurements,  by  micrometer  and  by  transits, 
of  the  difference  of  right-ascension  between  two  stars  of 
the  estimated  magnitudes  of  S^.o  and  11*.0,  indicated  that 
the  faint  star  was  observed  0S.017  too  late.  If,  owing  to 
atmospheric  conditions,  the  faint  star  should  be  near  the 
limit  of  visibility,  this  error  might  amount  to  two  or  even 
three  times  this  quantity.  The  effect  of  such  an  error 
might  be  eliminated  by  introducing  into  the  da  equations 
of  condition  one  or  two  terms,  the  coefficients  of  which 
would  be  functions  of  the  brightness  of  lapetus,  but  I  think 
such  expedients  for  bringing  out  desired  results  are  dan- 
gerous. The  observations  were  carefully  made  and  have 
been  reduced  and  discussed  by  the  usual  methods,  and  must 
stand  for  the  present  for  what  they  are  worth,  whether  or 
not  they  agree  with  others  supposed  to  be  nearer  the  truth. 
If  the  observations  of  Rhea-Iapetus  now  in  progress,  in 
which  the  variation  of  relative  brightness  is  much  less, 
should  confirm  the  supposition  of  such  systematic  error  in 
the  Titan-la ji , -Has  observations,  I  should  rather  reluctantly 
adopt  the  above  expedient. 

U.S.  Ifatzl  Observatory,  Washington,  B.C.,  1S0S  Aug.  11. 


CONTEXTS. 
Observations  of  Titax-Iapetus,  and  the  Mass  of  Saturn,  ev  Stimsqn  J.  Brown. 
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DETERMINATION 


OF    THE    ABERRATION-CONSTANT 
RIGHT-ASCENSION-. 

Bi    S.  C.  CHANDLER. 


FKOM 


Among  the  resources  furnished  by  practical  astronomy 
for  finding  the  amount  of  the  aberration  is  the  use  of 
the  observed  right-ascensions  of  circumpolar  stars.  This 
method  is  subject  to  conspicuous  and  well  recognized  de- 
fects. Nevertheless  the  desirability  of  utilizing  for  this 
difficult  problem  as  many  modes  of  determination  as  pos- 
sible, in  the  hope  that  the  systematic  errors  of  each  may 
be  in  some  sort  eliminated  or  rendered  less  prejudicial  to 
the  result  of  their  final  combination,  has  led  to  several  in- 
vestigations of  this  constant  based  on  right-ascensions. 
Probably  few  astronomers  regard  such  determinations  as 
entitled  to  so  much  confidence  as  those  made  by  other 
methods.  To  be  sure,  the  trustworthiness  of  some  of  these 
other  methods  was  recently  gravely  threatened,  when  the 
phenomenon  of  the  variation  of  latitude  was  first  recog- 
nized. But  this  difficulty  has  now  happily  almost  entirely 
disappeared,  since  the  rapid  advance  in  our  knowledge  of 
the  laws  which  regulate  this  phenomenon  has  permitted 
the  elimination  of  its  effects  from  the  more  important  past 
determinations  of  the  aberration,  and  arrangements  of 
observation  have  been  contrived  by  which  future  determi- 
nations can  be  protected  from  it.  On  the  contrary)  the 
sources  of  uncertainty  which  attend  the  use  of  right- 
ascensions  for  the  purpose  in  question  remain  as  obscure 
and  menacing  as  ever.  These  arise  principally  from  the 
undeterminable  effects  of  systematic  diurnal  van 
in  the  instrumental  azimuths,  or  from  the  questions  of 
various  sorts  connected  with  variations  of  personal  equa- 
tion due  to  the  effects  of  direction  of  motion,  or  of  dif- 
ferences in  the  aspect  of  stars  observed  at  different  times 
of  the  day,  with  varying  illumination  of  the  background, 
and  the  like.  Neither  of  these  sources  of  uncertainty  is 
imaginary.  Both  of  them  may  operate  implicitly,  and  ap- 
proximately at  least,  as  functions  of  the  same  element,  the 
longitude  of  the  sun,  which  regulates  the  am. Mini  of  the 
alienation,  and  thus  factitiously  affect  the  determination 
of  the  latter. 


Among  existing  series  of  right-ascension  observations 
which  have  been  employed  to  determine  the  constant  of 
aberration,  those  made  with  the  Pulkowa  Transit  appear 
to  me  to  be  the  only  ones  which,  by  reason  of  the  control 
afforded  by  the  system  of  mires,  can  be  regarded  as  pro- 
tected from  liability  to  the  uncertainties  of  the  fii - 
instrumental,  sort  above  spoken  of,  -  to  be  profit- 

ably used  in  the  investigation  of  the  aberration.  But  the 
results  from  them  are  open  to  vitiation  by  the  influences 
of  the  second  sort,  namely,  variations  in  personal  error  of 
transits  due  to  the  causes  specified. 

It  is  the  object  of  this  paper  to  present  the  results  of  an 
investigation  of  these  observations,  undertaken  for  the 
purpose  of  eliminating,  from  the  values  of  the  aberrati.  n 
which  they  furnish,  the  systematic  errors  in  quest: 
far  as  possible.  It  appeared  to  me  that  this  might  be  done, 
partially  at  least,  by  separating  the  observations  into  two 
portions  —  namely,  those  from  January  to  June.  am".  I 
from  July  to  December  —  during  which  Polaris  is  obs< 
under  materially  different  conditions,  at  the  two  culmina- 
tions, in  regard  to  the  aspect  '  II  as  affected  by 
illumination  of  the  sky,  oi  otherwise.  During  the  first 
half  of  the  year,  when  the  star  is  thrown  forward  of  its 
true  place  in  right-ascension  by  aberration,  the  upper  cul- 
mination occurs  in  daylight  or  bright  twilight,  the  maxi- 
aberration  coinciding  with  noon  culmination:  while 
during  the  latter  half  of  the  year,  when  the  star  is  thrown 
backward  by  aberration,  upper  culmination  occurs  at  night 
or  in  faint  twilight,  generally  speaking,  the  minimum  aber- 
ration coinciding  with  midnight  culmination.  It  would 
proper  and  reasonable  therefore,  in  view  o: 

ditions,  to  treat  the  two  portions,  in  the  solution 
for  finding  the  aberration-constant,  as  distinct  - 
as   the   unknown   quantity  indicating   the  correction  to  the 
as>umed  right-asci  \ 

m  approximate  elimination  from  the  aberratii 
i]  with  which  we  are  con. 
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The  following  table  contains  the  material  which  I  have 

ienl   shape  for  use,  Eroin 

I    I.imhi  \..i  s  and   N  vki'\.     I 

the  head  of  Schweizbr  are  given  I   have 

condensed  thenij  of  the  396  equations  on  pp.254  261   of 

Ikowa  ••/.''  i '"  il,"  ui-monthlj  means, 

the  observations  being  given  equal  weight.     The  values  of 

a  are  taken  in  the  sense  C— 0.     These  observation 

ed  by  Lindhagen  with  the  aberral  ion  20".  153,  Peti  rs's 


■  and  Bessel's  right-ascension  and  proper  mi 
I  have  added  the  constanl  +0*.73  to  conveniently  ••■ 
tin-  Bize  of  the  residuals.  The  relative  weights,  /<.  are 
assigned  proportional  to  the  number  of  observations  (one- 
bead  "i  w  \'.\  i  >:  I  have  given  the  cor- 
responding semi-monthly  means  from  pp.  11  12  of  Ntr&n's 
memoir,  changing  the  sign  of  n,  ami  with  a  relative  scale 

iit  one-fifth  of  his  weights. 


Si  ii»  i  i/i  i:. 

W  u 

N  i  i: 

Eye-and-Ear 

Chronogra 

pliic 

t 

n 

;> 

t 

n 

P 

t 

n           p 

Jan.     3 

+0?360 

1 

Jan. 

8 

-0.250 

■J 

Jan.  12 

-O'.OIO     1 

31 

+  .210 

1 

2  1 

+ 

.360 

2 

27 

+ 

.490     1 

Feb.     7 

-  .103 

1 

Feb. 

3 

+ 

.116 

1 

Feb.     5 

_ 

.421      2 

20 

-  .390 

l 

18 

_ 

.5-17 

1 

21 

_ 

.270     1 

.Mar.     '.» 

+   .444 

■  > 

Mar. 

10 

_ 

.221 

1 

Mar.    8 

+ 

.260     1 

.)■) 

+  .us: 

7 

26 

— 

.171 

2 

23 

_ 

.337     3 

Apr.     8 

+  .use, 

i 

Apr. 

8 

+ 

.068 

9 

Apr.     9 

+ 

.226  10 

22 

+  .189 

8 

22 

— 

.036 

6 

21 

+ 

.302     7 

May    7_ 

-  .nil 

6 

May 

9 

— 

.127 

8 

May  11 

+ 

.007     7 

2.~> 

+   .008 

7 

22 

— 

.224 

7 

21 

— 

.016     4 

June    9 

-   .169 

6 

June 

7 

— 

.406 

8 

June    7 

_ 

.193     '.» 

22 

-   .015 

4 

23 

_ 

.128 

6 

22 

_ 

.040     8 

July    9 

-   .016 

3 

July 

7 

+ 

.039 

6 

Jul}-     7 

— 

.018     7 

23 

+   .072 

2 

23 

— 

.135 

4 

22 

— 

.031     5 

Aug.    8 

-   .016 

6 

Aug. 

8 

_ 

.020 

1 

Aug.    8 

_ 

.090     1 

23 

+  .162 

3 

25 

+ 

.167 

1 

25 

+ 

.134     1 

Sept.  13 

-   .412 

3 

Sept. 

11 

+ 

.055 

1 

Sept.  10 

+ 

.161     1 

21 

-   .199 

5 

26 

— 

.433 

3 

26 

— 

.ISO       1 

Oct.     9 

—  .357 

4 

Oct. 

8 

_ 

.166 

6 

Oct.     7 

+ 

.006     6 

23 

-   .042 

3 

24 

_ 

.292 

2 

26 

— 

.256     4 

Nov.    2 

—  .357 

1 

Nov. 

10 

_ 

.309 

1 

Nov.    '.i 

_ 

.263     i 

17 

+   .983 

1 

24 

_ 

.200 

2 

22 

+ 

.161     4 

Dec.    5 

-   .363 

1 

Dec. 

i 

_ 

.5  15 

2 

Dec.     S 

_ 

.442     4 

19 

+  0.220 

1 

25 

_n.3ss 

2 

25 

+  0.242     2 

If  /la  and  k  be  the  corrections  to  the  adopted  right- 
ascension  and  aberration-constant,  respectively,  and  w  the 
parallax,  then  with  the  assumption  of  a  circular  orbit  for 
the  earth,  which  will  be  sufficiently  accurate  for  such 
small  corrections  as  are  involved  in  the  solution,  we  shall 
have 

sec  8 
IT 
sec  8 
"15 

,„       0  ,  sec  8  .       sec  8 

(2)     Fut    p  =  cos  a  cose  -^--         ,         q 


(1) 


0  =  n  +  Jic  —  it  (cos©  sin  a  —  sin©  cos  £  cos«) 
—  u  (sin©  sin «  +  cos©  cost  cos«) 


15  '         L  15 

(3)  A*  =  —  Ja     ,      Y  =  qu—pTr     ,     Z  =  pu+qir 

and  we  get  as  the  form  of  conditional  equation 

(4)  X  +  F  sin  ©  +  Z  cos©  =  a 

With  the  values  of   Y  and  Z  found  from  the  solution  of 
these  we  get 

7  Y+pZ  qZ-j,  Y 


(5) 


i-+r 


J+- 


The  normal  equations,  formed  for  the   three  series  as 
described,  are  as  follows  : 

Schweizer;  396  obs.,  1842-44. 


January- 

June. 

51.      A\ 

+  24.18  F 

+  33.37  Z 

= 

+  2.43 

+  24.18  A, 

+23.82  F 

+  10.69  2' 

= 

-0.56 

+33.37  .\l 

+  10.69  F 

+  27.18  Z 

= 

+  2.S4 

July-December. 

33.     X. 

+  4.96  F 

-24.93  2 

= 

-2.86 

+  4.96  a; 

+  11.98  Y 

-  3.03  2 

= 

+  0.03 

-24.93  A'„ 

-  3.03  Y 

+21.022 

= 

+  3.10 

Wagner, 

Eye-and-Ear 

;  439  obs., 

L861-72. 

January- 

June. 

53.      Xx 

+  27.50  Y 

+  29.60  2 

= 

-5.99 

+27.50  Z, 

+  30.78  V 

+  11.272 

= 

-6.89 

+  29.60  A^ 

+  11.27  F 

+22.26  2 

= 

-2.00 

July-December. 

31.     a; 

+   1.47  F 

-18.67  2 

= 

-5.56 

+    1.47  X 

+  10.1'.-,  F 

-   0.112 

= 

+  2.89 

-18.67  a; 

-  0.11  F 

-"-14.75  2 

= 

+  3.42 
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Wagnee,  Chronographic ;  429  obs.,  1861  72. 
January-June. 

54.      X,  +28.99  Y  +  30.92  Z  =  +1.34 

+28.99  X  +29.66  Y  +10.87.2=  +0.38 

+30.92X,  +10.87  Y  +2<kMZ  =  H2.43 
July -December. 

43.     A'„  -  3.60  T  -25.51  Z  =  -3.50 

-  3.60 X,  +  23.54  T  +  3.06  2  =  +1.36 

-25.57  Xs  +   3.06  T  +19.46.2'  =  +2.32 

Eliminating  Xx  and  X2,  and    summing  the  elimin 
equations  for  each  of  the  three  series,  we 

SCHWEIZER. 


+23.59  Y 

-   4.41  Y 


-   4.41  Z  =    -1.25 
+   7.53  Z  =    +2.19 


0.196     -0.088     -0.004     +0.152 
-0.110     +0.038     +0.044     +0.194 


W a i . n i:n.  Eye-and-Ear. 
+  32.06  T     -  3.32  Z  =    -0.63 

-  3.32  Y    +   9.24  Z  =    +1.41 

Wagneb,  Chronographic. 
+37.33  Y    -  4.812  =    +0.73 

-  4.817     +10.89  Z  =    +1.90 

Solving  for  Y  and  Z,  and  determining  Xj  and  Xs  by 
substitution  in  the  original  normal  equations,  we  find 

Xi  -Y,  F  Z 

Schweizeb,  —  o!l44     +  o!l34     +o!o01     +0^292 

Wagnee  (E.&E.), 
W  kGNEB  (Chron.), 

Then   by  means  of  eq.  (5)    we    find,   with  the    values, 
p  =  +2.21.-.  ,  y  =  +0.682  (Schweizer)     ;    p  =  +2.371, 
q  =  +0.811  (Wagner)  ;  computed  by  eq.  (2)  : 
(6)  u  Aberration    Parallax 

Schweizeb,  +o'.120  +20*453  =  20*573     +o'.032 

Wagneb  (E.&E.),    +0.061    +20.445   =  20.506     +0.022 
Wagneb  (Chron.),    +0.084   +20.445  =  20.529     +0.009 

These  values  of  the  aberration  are  in  every  case  a  notable 
increase  of  those  obtained  by  Lindhagen  and  Ni  i.i'\  from 
the  same  observations,  which  are 

Aberration]    Parallax  da 

Lindhagen  :  Schweizeb,  20.498     +0.026     +0.738 

v.lin  :  Wagnee  (E.&E.),  20.478     +0.016     +0.155 

Kykkx  :  Wagnee  (Chron.),  20.489     +0.005     +0.027 

The  parallaxes,  I  will  be  seen,  are  pracl 

unaltered.     To  show  that  the  differences  in  the  abi 
are  in  uo  way  attributable  to  errors  or  differences  in  the 
methods  of  solution.   I    append   the  value-,  which 
from  the  above  normal  equations,  ignoring  the  diffei 
between  Xl  and  Xj ;  i.e.,  summing  the  two  sets  foi  the  two 
h;il  res  of  the  3  ear.  and  solving : 

Alienation  Parallax  Ju 

St  ffw  1  20.500         +0.032         +0.735 

W  igneb  (E.&E.),  20.477         +0.019         a  0.1  13 
Wagnbb  (Chron.),  20.490  t  0.006 


These  are  practically  ■  ith   Lindhagkn's  and 

Nyben's 

solutie 

It  is   interesting  to  ci  •    values   of   the 

parately  from  the 
ations  in  the  first  and  second  halves  of  tie 
have     A',.  — A",  =  . /<«,—  /«.,;     whence 

Jaj  —  Ja; 

Schweizeb,  +  <>:. 

Wagnek  (E.&  K.i.         +0 
Wagneb    Chron    .  ^<U4S 

This  quantity,  positive  in  even-  case,  represents  the  ex- 
cess of  the  right-ascension  given  by  the  observations  of 
January-June  over  that  given  by  those  of  July-December; 
or  the  excess  of  the  right-aseension  when  the  star,  at 
upper  culmination,  is  observed  in  daylight  over  that 
it  is  observed  on  a  dark  sky. 

Astronomers  will  very  likely  differ  as  to  the  signil 
of  the  foregoing  investigation.     My  interpretation  is  that 
it  betrays  the  real  of  a  systematic  perturl 

in  the  observations  arising  from  some  such  cause  as  I  have 
indicated.     And  I  am  inclined  to  conclude,  as  1 
aberration,  thai   the  values  given  against  (6)  should 
garded,    under    thi  .    as    more    legit::, 

flowing  from  the  series  of  observations  considered  than 
those  found  by  ignoring  the  effects  of  systematic  personal 
errors  in  obsen  ing  1  ran 

In  drawing    the    abov  1    am   by  no   means 

incline, 1  to  assert  that  the  method  pursued  fully  clears  the 
alienation  of  systematic  errors  oi  the  kinds  escribed, 
since  even  if  we  admit  I :  nee  of  such 

as  it  S'  aably  do.  their  nature  is 

at    pn  ire.      I 'ntil    this    question     is 

cleared  up  further  speculation  is   idle.     1    permit 
here  only  to   add   a   remark  on   the  general  nature  of  the 
effect  on  the  alienation-constant  derived  from  observations 
of  right-ascensions  with  an  instrument  subject  to  unknown 
diurnal   variations  or   from   observations  affected   1" 
undetermined    subjective    periodical   errors  d< 
the  time  of  culmination.      First,  if  I.  be  the  right-asi 

jitude  of  the  mean  sun  on  the  unknown  date  when 
tiypothetical   error  has  a   maximu: 

.  under  the  ' 

P    COS (G  J 

If  this  term  be  ad  1  ),  and  if  w 

ij  =  p  sin  L         .        £  =  p  e  s 

then,  instea 
ration  and  tie 

it      —      j     7T      —      - 

jr+.j- 


I  111:     ASTi;  iiXOMK'AL     .1  (•  C  l;  N.\  L, 


N"    111 


.v.u  if  tli.'  errot  in  question  is  a  function  of  the  time  "l 
day,  and  i^  a  maximum  at  noon,  we  can  pu1  I.  —  «  in 
is  ,,  and  then  by  mean  i  of  i  2  i  I  be  equations  i'.i  i  be< 

\n\    nearly  (since  cost  is  near  unit;,    . 


(IH, 


7  )'+///  _ 

u  =  '  .' .    +P  15cos8 

/'•  +  '/" 


"■  =      ., ,  —  +  o 
/'■+'/■ 


Comparing  with  (5)  we  see  that,  under  the  hypothesis  of 
the  existence  of  an]  such  periodic  diurnal  error,  the  aber- 
ration-correction found  bj  any  process  of  computation  which 


ignores  it-  existence  will  be  in  defect  by  a  constant  quan- 
tity, while  the  parallax  will  be  unaffected. 
The  fact  that  the  discussion  in  the  present  paper  of  three 

j  a  distinction  be- 
tween  the  opposite  conditions  of  the  two  halves  of  the 
year,  gives  a  material  positive  correction  in  every  in 
i  h0".073,  +0".029,  -f-0".039)  to  the  value  of  the  aberration 
deduced  without  making  this  distinction,  while  it  leaves 
the  parallaxes  pract  tcally  undisturbed,  is  at  lea  I 
of  the  probability  of  some  such  cause  of  systematic  error. 


NOTES   ON   VARIABLE   STARS,  — No.  26, 

15  v     IIKNKV     M.     I'Al;  K  lll'KST. 


Local  Errors.  Hitherto  all  my  photometric  observations 
have  been  larger)  affected  by  the  necessary  local  errors  in 
the  standards  employed,  arising  from  irregular  or  unequal 
atmospheric  obscuration.  The  local  error  does  not' affect 
the  time  of  maximum  or  minimum,  but  may  need  to  be 
considered  in  comparing  the  brightness  of  variables  in  dif- 
ferent, years.  Until  the  present  year,  most  of  my  attempts 
to  correct  these  errors  have  necessarily  been  to  obtain  local 
and  partial  equalization.  The  elimination  of  these  local 
errors  has  now  become  possible,  by  means  of  observations 
of  asteroids.  A  special  standard  has  been  adopted,  to  con- 
form with  the   average,  derived  from  nearly  a  thousand 


standard  tars,  by  several  thousands  of  photometric  obser- 
vations :  and  wherever  it  is  practicable  this  new  standard 
has  been  made  the  basis  of  my  observations  of  variable 
stars,  and  of  comparison-stars.  The  constants  of  twenty 
asteroids  have  already  been  reduced  to  this  standard,  and 
in  their  wanderings  they  are  continually  bringing  new 
regions  into  conformity  with  it,  and  furnishing  the  means 
of  determining  the  constants  of  additional  asteroids. 

V Librae.  My  suggested  period  of  l'.~>i'i  days,  adopting 
the  epoch  of  the  rejected  elements  of  the  Third  Catalogue, 
24.085G6,  seems  to  be  confirmed,  although  the  unfavorable 
weather  interfered  with  observations  at  the  maximum. 


Results  of  Observations. 


Observed  Date 

No. 

Star 

Phase 

E 

Corr. 

W 

Mag. 

Factors 

Remarks 

Julian 

Calendar 

4315 

R  Comae 

Max. 

4505.6 

1898 

Aug.   3 

68 

-    0.2 

9 

9.22 

0.30 

0.17 

.1 
4 

El.  A.J.  384,  415 

4377 

'/'  Virginis 

Max. 

4462 

June21 

40 

-10 

4 

10.1 

0.13 

0.13 

7 

Low  in  west.     Perry  later 

4407 

R  Corvi 

Min. 

1  1  i;i 

dune  23 

35 

- 

E 

- 

- 

- 

- 

Midway 

1  192 

V  Virginis 

.Max. 

1348 

Feb.  27 

25 

-  2 

5 

8.7 

- 

- 

- 

Close  approx.  from  factors 

4573 

i;r  Virginis 

Min. 

1437 

May  27 

2 

+  4 

9 

11.59 

2.0 

2.3 

63 

Midway;  A.J.  415 

4596 

V  Virginis 

Max. 

4336 

Feb.  15 

56 

-34 

1 

- 

- 

- 

- 

Subtangent  approx. 

4665 

ET  Virginis 

Max. 

4383: 

Apr.     3 

- 

- 

1 

- 

- 

- 

- 

Highest  observation 

4816 

1'  Virginis 

Max. 

1475 

July    4 

56 

_   9 

9 

9.47 

0.90 

1.27 

23 

it 

" 

Max. 

4477 

July    6 

56 

+  2 

3p 

- 

- 

- 

- 

Highest  observation 

4826 

1!  Hydrae 

Max. 

4454 

June  13 

6 

-   1 

8 

4.30 

0.20 

0.25 

15 

Another  max.  much  later 

4847 

S  Virginis 

Max. 

4475.5 

July     4 

45 

+  18 

9 

6.38 

0.53 

0.50 

15 

it 

a 

Max. 

4472 

July    1 

45 

+  15 

4p 

6.1 

- 

- 

- 

1885 

Z  Centauri 

Max. 

3758 

July  17 

11 

- 

E 

- 

- 

- 

- 

1896;  A.J.  383,  436 

1940 

W  Hydrae 

Max. 

4133 

duly  27 

8 

- 

E 

- 

- 

- 

- 

1897 

<< 

a 

Max. 

4:.  17 

Aug.  15 

9 

- 

E 

- 

- 

- 

- 

1898 

1948 

/<  ( 'a  'Hi in  Yen. 

Max. 

1404 

Apr.  24 

11 

-32 

6 

7.45 

- 

- 

- 

Confirms  preceding  correction 

5037 

III!  Virginis 

Max. 

4427 

May  17 

32 

- 

E 

- 

- 

- 

- 

Clouds  prevented  further  obsn. 

5194 

VBootis 

Min. 

4441 

May  31 

20 

-   1 

9 

10.54 

1.67 

1.23 

41 

5237 

R  Bootis 

Min. 

1489 

July  18 

66 

+   4 

4 

- 

- 

- 

- 

5249 

V  Librae 

Max. 

4445 

June    4 

23 

-   9 

7 

10.58 

0.83 

0.83 

30 

From  elements  above 

5338 

U Bootis 

Max. 

4487 

July  16 

38 

-13 

3p 

11.3 

- 

- 

- 

Highest  observation 

5405 

RTLibi 

Min. 

1526  : 

Aug.  24 

3 

_ 

E 

- 

- 

- 

- 

Consistent  with  period  A.J.  415 

5430 

T  I.  it 

Max. 

4481 

July  10 

31 

+   2 

8 

10.98 

0.54 

0.67 

18 

5501 

<  ■  litis 

Max. 

4487 

July  16 

70 

+  35 

3p 

8.6 

- 

- 

- 

Highest  observation 

5511 

RS  Librae 

Max. 

4491 

July  20 

15 

-14 

3 

9.0 

0.S3 

- 

- 

Two  observations  and  factor 

X"    I  1 1 
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4315  R  Comae. 

lined  from  41"i. 

Julian     Calendar        Slag 


Individual  Observations. 

Including  ..    Animi:  (      PEEBT. 


July  29 

1502.5  31 

4504.5  Aug.  2 

4506.5  4 

4507.5  5 

1377   T  Virgi 

(Coutiuue'l  from 

4347.6  Feb.  26 
4396.6  Apr.  16 
4419.6  May  9 
4419.6 
4450.6  June 
4450.6 
4458.6 
4461.6 
4462.6 
4465.6 
4477.0  July 


9 
9 

9 
17 
20 
21 
24 

6 


9.134 
9.24 

9.16, 

9.45s 

/( is. 

415.) 

10.8]  ! 

1.  9 

L2.9  : 

12.0.-F 

11.0: 

12.0p 

10.9    I 

10.10 

10.2p" 

10.78 

IO.Ip 


4596  UVi 

icd  from  415.) 
Julian     Calendar       Mas. 

1898 

4347.6  Feb.  20      8.6 

4352.6  Mar.  3 

4363.6  14 

4383.5  Apr.  ;; 

1388.5  8 


4665  RT  Virginia. 


4383.5  Apr. 

4427.6  May 
4450.6  June 
4464.6 
4477.6  July 
4487.6 


-  16 

'.Mi- 
'.Mi- 
'.Mr 
9.6r 


4816  J 

(Continued  from  384.) 


1826  R  Hydroe.- 

Julian     Calendar 

5. 1 5 
5.3p 
4.99 
5. 1  & 
5.3p 

4.4p 


8.59.  1  I 
8.72    1461.6 
9.22    1462.6 
9.39,  W64.6 

I17S.C,   July 

1487.6 


IM7  S  Virginia. 
Com. from  415.  Comp.SI 

1424.6   Mayl  t    10.01 


44(17  //  - 

(Continued  from  384.) 

4386.6   A  it.  6  ln.'.i: 

1396.6  16  11.9 

1398.5  18  11.83, 

4419.6  Mav  9  12.5 
442».6        '  18  13.63, 
1450.6  June    9  11.6] 
4458.6  17  13.2] 


4423.6  Mav  13 
t  150.6  June  9 
1 150.6 


1 192   )   1  ' 

(Cont.from415.  Comp. Stars  415 

4347.6   Feb.    26      8.74., 

4352.6  -Mar.     3 

9.03, 

4363.6             14 

9.56s 

15 7.".  RV  Virt 

in  is. 

Continued  from  415.) 

1898 

1347.6   Feb.    26    10.4 

1366.5  Mar.  17 

10.8 

1396.6  Apr.   16 

11.1 

4419.6  Ma\      9 

L1.6 

4431.6            21 

11.7 

1  160  6  June    9 

11.6 

4462.6            21 

11.3 

1476.6  July     5 

11.61, 

4486.6            15 

10.9 

4455.6 
4461.6 
1462.6 
1462.6 
4464.6 
4470.6 
1 477.6  July 
4477.6 
4485.6 
4486.6 
1 187.6 

1504.6  Aug. 
4507.6 


12.0 
10.4 
IO.Ip 


1  127.6 

1440.6 

1446.6  June 

1446.6 

4449.6 

1 155.6 

1458.6 

1461.6 

4462.6 
9.50    1464.6 
L0.25    1470.6 
9.6]    1473.6  July 
9.9p    W77.6 

!  177.6 
9  36  1480.6 
9.68  1484.6 
•  i  x,.  1  185.6 
:>..■;.-,    1487.6 

:    ,;       I   ,11"  :      Ac 

10.65 
I0.4p 


1948  I:  ■ 

m  415.) 


Julian 


Calendar 

1898 

Apr. 


1392.5 

4410.5 
1419.5  May 
1431.6 


12 
18 

30 
9 

.1 


Mag. 
7.14, 


5037  A'/,'  Vi 

i.-,l  from  356.) 
1898 

1396.6  Apr.    16    12.3] 


1419.6  -May     9 
1423.6  13 

1450.6  June    9 


5194   V  . 


8.11, 
3  3 
8.2p 
6.99 

6.9p 
6.71 
6.7p 
6.80 
6.55 
6.35 

,; ;;::  1452.6  June  11 
6.3p    1 162.6  21 

1    1471.6  30 

1472.6  July      1 


12.6] 
12.2: 


(Continued  fr 
Julian     Calendar 

1450.1 

21  U.9p 

4477.6  July     6  11. 4i- 

16  11.3p 

1507.6  Aug.     5  11.6p 

5405  RTL 

(Continued  fro 

4419.6  May 
1515.5  Aug.  13 

4  dates 


(  ont.from415.  Comp.  Stars  333 

1387.6 

4  I  in. 7. 
1419.5  May 
.  1431.6 
4441.6 


18 
30 
9 
21 
31 


6.79, 
6.72, 
6.6p 
7.2p 


1826  R  Hydrae. 

(Continued  from  115.) 


4419.6  May 

1419.6 

4427.6 

4440.6 

1 1 16.6  June 

I  I  16.6 

1450.6 

4456.6 


4SS5  ZCetit'Hw'. 

3695.7  Mav  15  to 
3740.6  June29    14] 

5  dates 


1940  W  I! 


7.9 

7.5p 

:--''    1067.6   M 

''■'•' '    IH71.7  29 

609   1098.6  June  22 
5.8p 

5.19    1462.6  June  21 

3.61,  1478.6  July    7 


8.1p 
8.2p 
8.0p 

3 


9.47 
9.38 
10.42 
10.46 
10.42 
10.56 

L0.78 

- 

9.74 


5430  7 

(Continued  from  SSa- ) 

1898 

4419.6  May 

1 150.6  June 

4450.6 

1458.6 

1461.6 

4465.6 

1I77.«;  July 

4478.6 

4481.6 

1489.6 


9 

9 

17 

20 

24 

6 


in 
15 
18 


- 
12.4 
12.00, 

11.09, 

- 


5237  RBootis. 

~'.ir5333 

1478.6  •  :     12.7 

16    13.0 

1506.6  Aug.    4    12.0 

5249  VIM 

om415.  Comp  .- 

1423.6  Ma"  '  13  11.0 

nun;  30  10.76 

1446.1  10.62, 

4455.6  14  10.55, 

1461.6  20  11. "I' 

1462.6  21 


5501    v  - 

(Cont  from 415  i 


1427.6  May 
1 1 16.6  June 
4  158.6 
1464.6 
4177.' 
1487.6 
1507  6 


11..-.P 
10.6p 
10.2p 

3 


.".Ml  RSLi 

Cont. from  415  Comp  8 

4419  7    Mav  9     12 .'I 

4450.6  June  9    L0.5 

1458.6  17    L0.3 

1177a;  Julj  6 

I  181  6  1»' 

1486.6  15 


Comparison-Si  lbs.  -  L893   1898 


Star 

/ 

1/ 

1A' 

/,' 

IT 

:;/' 

X 

v 
z 

a 
b 

d 


4596  i 
DM. 
+•6  2673 
'  7  2580 
+  :.  2682 
r-6  2672 
■f-6  26.66 
+  6  2676 
+6°2670 
•  5  2685 
I  ,;  2665 
3p  / ' 
8/  V 
8,/         V 


I  ir 


Mag 

7. nil 

6.74 
8.96 
9.49 
9.16 
'.i  56 
9.70 
10.26 
10.52 
10.59 
10.98 


6 

9 

1  I 
10 
10 

111 
1 

4 

12 
6 


Slur 

E 

I 

.1/ 
TV 

'.' 
S 
T 
V 
X 
IX 

y 
z 


1816  V  I 

Mag. 

7.09 
8.81 

8.42 
9.12 
9.62 
9.08 

LO  71 

11.21 
L1.03 


.' 


I'M. 

2  3684 
-2  3698 
-  2  3703 
-2  3701 
2  3697 
2  3689 
-2  3702 

-2  3687 


2  1 
17 

to 

15 

5 
17 
23 


Star 

/ 
/ 

0 

S 

/ 
I 

/' 
<■ 
■  i 
I. 

r 


I'M. 

17  3813 

r-  19  3651 
-22  3630 

-22  3605 
22  3592 


Mag. 
3.47 
4.60 
5.29 

5.29 

7.16 
8.46 

'.'.77. 

- 

9.21 


1  I 
11 
9 

'.' 

;' 

12 

5 
3 

5 


/- 
W 

J 
U 

K 

\ 
10 

IS 

V 

ir 


I'M. 


7.17 


19 

!! 
in 

2  1 

15 


'.II 
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OBSERVATIONS  OF  COMET  c  1898    (coddington), 

MADE    \i     mi.    in  B   OB8EB1   LT0B1    01     Mil     I  (fTVBBBITI    "I    I  A  u  1  '  ,i:\  I  A, 
l;v  WILLIAM  .1.   HUSSEY. 


1898   M!.ll;,i,.ili.,ii  M.T. 

* 

No. 

<  p. 

Ja 

-* 

I       zj8 

t>/\  apparent 
a                         8 

logpA 

for  a      |     for  8 

ll 

ii     in 
'.'   L3     7 

1 

10 

in 

+  o'":;n>.i 

+  o  38.7 

ii    in 
L6  24 

56.15 

-25  1  1  20.6 

»9.375 

0.872 

10  13     7 

1 

9 

10 

+  0   22.27 

-0  53.7 

16   21 

47.63 

25  1.",  :,:;.n 

»9.042 

15 

8   13  30 

2 

in 

in 

-o  38.54 

+  2  23.6 

16  11 

23.71 

-27  45   ll'. 7 

»9.387 

ll.  SMI 

16 

in  2  1  56 

3 

10 

10 

-0     7.  is 

2    6.3 

10      7 

39.08 

28  27,  1  1.5 

»7.128 

0.903 

17 

II   28   12 

5 

8 

8 

-0     8. 1  l 

-2  50.2 

10     3 

58  70 

-29    3  56.9 

9.212 

0.905 

12     s  35 

5 

8 

8 

-o  1  L39 

-3  53.0 

10    3 

52.81 

-20      1    59  7 

9.396 

0.884 

IS 

:i  .mi  51 

6 

8 

8 

-0     4.05 

-5     2.0 

10    0 

11.10 

29  38   L0.8 

„S.00S 

11.0117 

in  II    11 

7 

8 

8 

-0  4.",. 7ii 

+  2    10.5 

10    0 

38.08 

-   29  38  51.8 

7.07s 

11.0117 

19 

;•  :;;;  ;;;; 

8 

S 

S 

+  o     5.92 
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All  Ja's  and  JS's  were  obtained  by  direct  micrometer-comparisons. 
The  observations  of  June  16,  22,  and  23,  were  made  with  the 
refractor,  and  all  others  with  the  12-inch  telescope.     In  reducing  the 


observations  of  June  11.  it  has  been  assumed  that  the  micrometer 
readings  for  Ja  were  recorded  10  revolutions  too  small.  The  equa- 
torial value  of  one  revolution  of  the  micrometer  screw  is  14 '. 059. 


Mt.  Hamilton,  Cat,  1898  Aug.  11. 
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ELEMENTS   AND    KIMIKMKIJIS   OF   (  OM KT  e  1898  (pjsbbine), 

By  C.   D.   PERKINE. 


The  following   system   of  paiabi  or   this 

comet  have  been  derived  from  normal  places,  viz.: 


True  i 


189S  June  16.0  Gr.  M.T. 
July  12.0 

Aug.     7.0 


::  35  26.05 
.'<  57  56  15 
7   II   29.47 


True  8 

-  58  23     2.5 

-  16  25  51.6 
+  21     9    16.3 

The  above  positions  were  obtained  by  comparing  obser- 
vations  (Mount  Hamilton,  June  14,  15,  L6,  17;  Paris,  June 
16;  Strassburg,  June  17  =  Mount  Hamilton,  Julj  '.».  II. 
L2,  !■"..  M;  Mount  Hamilton,  August  2,  I.  5,  6,7,  8)  with 
an  ephemeris  computed  from  my  elements  published  in 
A.J.  1 10.  They  are  free  from  parallax  and  aberration. 
The  mean  deviations  of  the  observations  on  the  da1 
the  normal  places  were  as  follows : 
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Brightness  at  discovery  taken  as  unity. 
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NEW   ASTEROID. 


Prof.  Creutz  communicates  the  discovery  of  a  new  asteroid  on  Aug.  L3,by  Witt,  Berlin  |  Urania),  and  the  position, 
DQ    11"   1898  Aug.  14, 12h  6m.4  Berlin  M.T.   a  =  21h  26m  32'.6,   8  = —6°  24' 21".    Daily  motion,  in  a -116',  northward  1' 

A  latex  cable  dispatch  from  l>r.  Kretjtz,  communicated  by  Mr.  Km  hie,  states  thai  elements  computed  from 
observations  on  Aug.  II.  23  and  31,  show  a  remarkable  orbit,  the  perihelion  distance  lying  within  thai  of  Mars, 
and   the   mean   daily   motion   in   orbit  being  2000". 


WOLF'S  PERIODIC 
The  object  cabled  from  Europe  Sept.  13  as  observed  by 
Pechutje  («  =  6"  10m  11'.5  ,  8  =  +8°  55'  40":  daily  motion 
in  a  —  2'"  0",  southward  20')  and  as  probably  a  return  of 
Tempel's  comet  1866  1,  is  manifestly  "Wolf  =  / 1898. 
which  was  first  observed  by  Hussey  on  June  16  (.-J. -7.439). 
( >n  receipt  of  the  above  cable  dispatch,  a  slight  calcula- 
tion showed  that  both  of  the  observed  coordinates  could  be 
exactly  reconciled  with  an  orbit  having  the  position  and 
form  of  that  of  1866  I,  with  a  mean  daily  motion  in  orbit 
of  108". 64.  and  a  perihelion  passage  on  1898  Aug.  16.380 
Gr.  M.T.  But  this  evidence  in  favor  of  identity  was  com- 
pletely contradicted  by  the  fact  that  a  body  moving  in  such 


COMET  =/1898. 

an  orbit  would  have  a  geocentric  daily  motion  on  Sept.  13 
of  — 4m  138  in  a,  and  southward  1°  27'.  which  is  incom- 
patible with  the  above  observed  motion.  The  conclusion 
of  Theaen's  ephemeris  of  Wolf  =  /1898  (see  ,4.7.442  and 
A.N.  3506)  is  as  follows : 
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COMET  7i  1898. 

[From  Mr.  Ritchie's  Special  Circular,  No.  121]. 


On  September  1  I.  a  telegram  was  received  from  Harvard 
College  Observatory  announcing  the  discovery  of  a  new 
comet  by  Perrine  of  Lick  Observatory,  giving  two  po- 
sitions. Subsequent  particulars  were  communicated  by  mail. 
189S  Greenw.  M.T.  a  8  Observer 

Sept.  13.0404         9  35" 49*. 3         +31°    4  31         Perrine 
14.0145         9  41  43.8  30  35  19         Perrine 

14.9678         9  47  36.8         +30     4  57         Perrine 

From  these  observations  the  following  elements  and 
ephemeris  were  computed  by  Perrine  and  Aitkex  of  Lick 
Observatory. 
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THE   TEX    INTEGRALS   OF   THE   PROBLEM   OF   n   BODIES  FOR    FOR<  ES 
INVOLVING   THE   CO-ORDINATES  AND   THEIR   FIRM 
AND   SECOND  DIFFERENTIALS, 

By  kui:t  LAVES. 

Let  the  rectangular  co-ordinates  and  the  masses  of  the  I   m(     respectively,  tlien  the  fundamental  equation  of  Dyna- 
st bodies  of  a,  free  system  be  designated  by    xi}  yit  zt    and  I   mics  is  given  by 


v     5  d*x< 


6x' +  ~dt*  Sy< +  W  &r'  >    =  2  ( Z' a,''+  r'  *'■  +  z  "'-  ' 


a 


Sx, ,  8i/i}  S.s,  designate  virtual  displacements  which  are  of 
the  character  of  independent  quantities  since  the  system 
is  assumed  to  be  free.  X,.  Y, .  Z:  are  the  projections  of 
the  forces  acting  upon  the  system.  "We  shall  assume  that 
only  those  forces  exist  which  arise  from  the  mutual  at- 
tractions of  the  n  bodies.  These  forces  are  called  interior 
forces.  Let  us  make  the  assumption  that  these  forces  de- 
pend not  only  upon  the  co-ordinates  of  the  different  mass- 
points  of  the  sj'stem,  but  also  upon  the  time  and  the  first 
and  second  differentials  of  the  co-ordinates,  but  with  the 
restriction  that  the\-  give  rise  to  an  Effective  Potential  /('. 
(See  Chapter  VIII  of  C.  Neum  \\\.  Allgemeine  Untersuch- 
ungen  iiber  das  Newtonsche  Principder  Vemvnrkungen  .... 
Leipzig,  1896).     We  shall  call  such  forces  effective  Poten- 


tial Forces  (see  also  Vierteljahrsschrift  der  A.<:.  XXXI. 
187-191).  To  obtain  the  differential  equations  of  motion 
of  the  n  bodies  we  transform  equation  (a)  in  such  a  way 
that  the  FT  function  can  be  introduced.     Put 

air  =  SI  (X$ci+  Ffy,+z 

and  consider  the  integral 

'0       ' 

-    ce  W  depends  upon  the  co-ordi  me  and  the 

first  differentials  of  the  co-ordinates,  we  obtain 


7>9y,' 


Let  the  assumption  be  made  thai    Sx( ,  &t/, ,  Sz,    disappear  time  integral   will  enable  us  to  get  rid  of     S.r/.  ,- 

for  the  times  fc  and  tx.     The  introduction  of  the  definite  |  [ndeed  we  obtain 

??**>*   r"r./^-.=  ■",\r  *-  r       dt 

J  dxJ      •              J   9x  ■    ,        J  dt    .>.r.7 

10  ■ 

Introducing  this  in  the  equation  above  and  n  pressions  of  the  form  I  -             !     disappear  we 

obtain  ,   v 

dt—0 
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This    is  Hamilton's    principle    for  a  free  system   with 
rdinates.     Sinn' tin-  virtual  displacements 
arc  independent  of  each  other  we  obtain  the  Eollowrn 
inn  of   .">"   differencial  equations  of  motion  for  effective 
Potential  Forces : 
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tPxt 

dt3 

d% 
dt3 


9W 


<■■"■)  - 


d 


dW 

■>!>■ 


d  /£]F\ 

dt  \dy,')  ~ 

dz,        dt  \9z? ) 


■v 


/. 


It  will  be  necessary  in  what  follows  to  use  Hamilton's 
equations  in  general  canonical  co-ordinates  instead  of  sys- 
tem id).     We  can  derive  them  by  transforming  equation  (b) 

in  the  following  way  : 


where   we    have    put 
equal  Lon  (b)  becomes 


T  =  *y)  w,  (x't*  +u';iJrz';i)       and 


1 

j"  oi '/'+  tr>  dt  = 


Introducing  instead  of  the 
tern  of  generalized  co-ordinates    y,  . . 


y,,  z(     the  sys- 
into  (d)  we  ob- 


tain easily  Laoeange'b  equation  of  the  second  kind: 
d(T+  W)       d  (d(T+W)\ 


<>•!« 


dt  \      dq~J      ) 


(0 


For  a  free  system  we  have  k  =  3»  of  such  differential 
equation  of  the  second  order.  A  restricted  system  with  k 
degrees  of  freedom  will  lead  to  k  equations.  To  replace 
this  system  of  differential  equations  of  the  second  order 
each,  by  another  system  of  differential  equations  of  the 
first  order  each,  we  introduce  Poisson's  equations  in  the 
following  generalized  form  : 


d(T+  J/') 
dqj 


(8) 


We  have 


8(J+  II  )    =      >a— L- '-hqa  +   >«  —    .      ,      '  S?a'  =    V  — ^- '-  ha  +    %  pa  ha 

*f  Vqa  *-f         dqa'  *-f  dqa  *f 


put 


(«) 


K  == 


8A- 


^"  pa  'la   —  (T+  W)  and  we  obtain 

i 


This  expression  for  SA"  is  obtained  by  starting  from 
T  +  W  when  expressed  in  function  of  qa  and  qj .  Re- 
garding K  directly  as  a  function  of   the  qa    and  pa     we 

obtain 

From  the  comparison  of  («)  and  (/?)  we  find 


d(T+W) 


■dq* 


dK 

dqa 


dK 

dpa 


In  these  equations  T  +  TV  is  regarded  as  expressed  in 
function  of  qa  and  qa'  whereas  A"  is  a  function  of  qa  and 
pa.  To  transform  equations  (f)  so  as  to  contain  the  qa 
and  pa    as  variables  we  put  the  last  values  into  (f)  and  find 


00 


dpa 
dt 


dK 
<Jqa 


and 


dqa 
dt 


dK 

dpa 


(h)  constitutes  for  a  free  system  of  n  bodies  a  system  of 
Gn  differential  equations  of  the  first  order. 

For  a  free  system  T  will  be  a  homogeneous  function  of 


the  second  degree  in  qa'  if  we  assume  the  same  to  hold  for 
IF  we  shall  have 


K 


d  {T+  W) 

I         dq~^' 


qa'-(T+W) 

=  2<T+W)-{T+  II') 


=    T+  W 
(See  P.  Appell,  Mecanique  rationnelle,  II,  398.) 

Forces  of  the  nature  indicated  have  not  been  introduced 
to  any  extent  into  the  problems  of  advanced  Dynamics.  In 
the  "  Vorlesungen  iiber  Dynam  ik,"  forces  involving  velocities 
are  excluded  from  the  general  study.  But  it  is  obvious 
that  the  very  valuable  introduction  of  Professor  Neumann 
of  the  Effective  Potential  II"  will  prove  to  be  of  similar 
importance  as  Lagrange's  introduction  of  the  U  function. 
When  we  accept  the  proposition  frequently  made  of  introduc- 
ing one  of  the  electrodynaniical  laws  of  Weber,  Riemann, 
or  Clausius  into  astronomy  we  are  at  once  thrown  upon 
effective  potential  forces.  Not  limiting  ourselves  to  any 
one  of  these  laws  specially,  the  following  question  presents 
itself  at  once : 

What  is  the  most  general  expression  of  a  W  function 
consistent  with  the  existence  of  ten  integrals  in  the  problem 
of    n    bodies? 

This  problem  is  solved  in  the  present  paper,  and  the 
answer  is  found  to  be  the  following : 

Regarding  tp  to  be  an  arbitrary  function  of  the  time 
and  the  co-ordinates     a-,,  yl}  zi      W  must  be  of  the  form 


TV 


-^  4-  V     where 
dt 


V    is  an  arbitrary  function  of  the 


BT°'  4  IB 
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mutual  distances  and  relative  velocities  of  the  n  bodies 
and  does  not  contain  the  time  explicitly. 

Since  the  function    \p    has  the  following  two  properties  : 


(A) 


dt 

■Ox. 


d  df 
dt  dx, 


and 


v    '      dxt' 


dty 


we  see  that  the  function  \j/  will  disappear  in  the  differen- 
tial equations  of  motion  entirely  and  the  essential  part  of 
W  is  the  function  V.  When  we  consider  the  problem  of 
two  bodies  particularly,  we  shall  see  that  Jacobi's  theory 
of  the  last  multiplier  will  enable  us  always  to  find  the  last 
two  integrals.  Indeed,  it  will  be  shown  that  since  t  enters 
into  the  differential  equations  through  its  differential  alone, 
the  time  can  be  found  by  means  of  a  quadrature.  The  last 
multiplier  will  be  1  for  all  problems  where  a  W  exists. 
In  the  second  part  of  the  paper  it  will  be  shown  that  the 
laws  of  Weber  and  Uiemaxx  allow  a  complete  solution  of 
the  problem  of  two  bodies,  whereas  Clausixts's  law  does  not, 
since  there  exist  but  seven  integrals  in  that  case. 

Professor  A.  Mayer,  of  Leipzig,  has  published  a  very 
important  paper  bearing  on  a  similar  subject  in  the  Berichte 
der  K'jl.  Sachs.  GeseUseh.der  Wissensckaften,  1877  A.pril23 
(reprinted  in  the  XIII  volume  of  the  Mathematische  An- 
nalen,  p.  20).  He  considers  the  most  general  expression 
of  interior  Effective  Potential  Forces  which  fulfil  the 
principle  of  action  and  reaction.  He  does  not  consider 
the  forces  to  result  from  the  mutual  action  of  the  bodies 
in  pairs  but  assumes  that  the  forces  fulfil  in  every  moment 
the  six  equations  of  equilibrium  of  a  solid,  namely  : 


2*-»    I>- 


0 


^  <'y.Z,-.-.-,  Y.)    =  0         V(sf.  =  0 

^.r.-y.-V,,  =  o 

The  result  of  his  investigation  is  that  W  should  be 
in  arbitrary  function  of  the  time,  the  mutual  distances  of 
the  bodies  and  their  first  differentials  with  respect  to  the 
time.  In  making  the  system  fulfil  the  principle  of  con- 
servation of  vis  viva  the  further  condition  is  imposed  that 
t  does  not  enter  explicitly  into  \V.  The  motion  of  the 
center  of  gravity  is  in  a  straight  line  and  is  uniform,  and 
the  theorem  of  conservation  of  areas  holds  for  all  of  the 
co-ordinate  planes.  It  will  be  seen  in  the  case  now  under 
consideration  that  neither  the  principle  of 
of  the  motion  of  the  center  of  gravity  nor  that  of  con- 
servation of  areas  necessarily  holds,  but  that  functions  of 
the  time  will  occur  on  the  right  sides,  whereas  in  Professor 
Mayer's  problem  they  have  constant  values.  Very  valua- 
ble suggestions  have  been  obtained  from  Professoi  M 
paper,  to  which  due  acknowledgment  is  expressed. 

Part  I.    The  Teh   Integrals. 

I.     The  Motion  of  the  Center  of  Gravity. 

In  equation  (a)  we  give  the  following  special  values  to 
the  virtual  displacements  : 

Sse,    =    &r,    =    .  .  .    =    &'•„    =    A 

fy/i  =  8y:  =  •  •  •  =  8y»  =  h- 

&S,      =      &S,      =...=&?„     =      V 

and  introduce  the  values  of    A', ,    Y, ,   Z,    from 
Then  we  obtain 


4-|   '  <fe«     \j>xt     dt\dx;)]\       A?{     dt-     \_dVi     dt\,h,:  )\\     £*\     dt-     ldzt     dt\9z;  )]S 


Since  X,  /*,  v  are  independent  displacements  this 
equation  can  be  fulfilled  only  if  their  coefficients  are  sepa- 
rately zero : 

yimtd^=  yJ^IL-±(^K\] 

Zw  Z-  |_  dx(        dt  \3xt'  J  J 

Zj      dt*  .      Z- 1_  dyt      dt  v>y.'  J] 

2d1:  vi  VdW       d    dW\~\ 

t  '"'n?  -  Zlu^-dt^J:)] 

We  can  integrate  these  equations  once  if 

dx~  '   Zj  dy,    '  Zd  Ozt 
can  be  presented  in  the  form  of  total  d 


the  other  term  of  the   right-hand  side  presents  itself  al- 
ready in  this  way.     We  must   therefore  solve  the  equation 


2.       -  dt 

Since    W    is  a  function  in   which  no  second  differentials 

appear     \    -  will  have  the  same  property, and 

serve    that    /    must   be   a   function  of    the   time   and   the 
co-ordinates  but  nof  icities.     Regarding  \ 

arbitrary  function  of  the  time  and  the  co-ordinates, 

that  II"  =  will  satisfy  the  equation    a! 

account   of   the    p  !    and    B     indicated 

\      —  =    ;      To  find 

—  dt 


too 
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solution  we  put      W  =        +   V    and  determine  the  char- 

of the  character  of   V.     It   we  introduce 

acter  of   V  by  putting  this  expression  into  (3).     We  thus 

obtain 

:<'  obtain 

'i       , 
^-<     ^  lit  j      1/1/ 
>  —  | — ~  =  —     or  on  account  of  <B\ 

L*    ,a-;       dt 

To  obtain  the  general  integral  of  this  partial  differential 
equation  we  consider  the  system  of  total  differential  equa- 
tion to  which  the  partial  differential  equation  isequivalent. 

(5)  <l.i\  :  'A'-.  :  .  .  .  :  die,,  =  1 

The  («  —  1)  integrals  of  this  system  are 


(6)     /,  =  (x, 


-r0     =  Ct  /a  =  (•'•s--ri)  = 


will  therefore  be  the  general  integral 


V     the  general    integral  of  (3). 


of  (4)  and      W  =  df-  + 
v  '  dt 

Applying  the  same  reasoning  for  the  y  and  a  co-ordinates 

we  learn  that    V   should  be  a  function  of  the  differences  of 

the  co-ordinates  of  the  bodies  in  order  that  three  integrals 

of  the  differential  equations  of  motion  may  be  obtained. 

We  can  therefore  integrate  system   (2)  once,  and   obtain 

after  reduction 


dx 


,>V 


Sax,  tt^vv 

to,  — -  =   —    >  — ,  +  «.  =  ,1/ 
'  dt  Z-kax~    1 


(2-) 


dy, 


2"'/,  v'K 

^-i      dz,  v9^  ,  i,'" 


W 


dA 
dt 
dB 

dt 
dC 


We  have  introduced  by  M  =  .!"/«,-  ,  MA  =  Zm,xi} 
MB  =  —  »',y,  ,  MO  =  —  «.?, ,  the  mass  M  and  co-ordi- 
nates A,  B,  C  of  the  center  of  gravity  of  the  system. 
It  is  obvious  that  the  principle  of  conservation  of  the 
motion  of  the  center  of  gravity  ceases  to  hold  in  this  case, 
since  V  is  an  arbitrary  function  of  the  time  and  the 
velocities. 

To  Obtain  three  more  integrals  we  investigate  the  con- 
dition 

sr\  W  _dg 
2-i  dx',  ~  di 

9  =  9    (co-ordinates,  t)    since     X1  — -     cannot   contain 

^J  ox', 

second  differentials.     To  solve  this  problem  we  take  an 
arbitrary   function     q  =  q>    (co-ordinates,  t)   then   is     — 


(3«) 


V  = 


dt 


into 


dt 


<  >n  the  left  side  enters  a  function  of  the  co-ordinates  and 
the  time  alone,  on  the  righl   side,  according  to  our  asf 
tiou  a  function  of  the  velocities,  co-ordinates  and  the  time. 

This  cannot  hold  otherwise  than  by  assuming 
rj  =  /x  (co-ordinates,  t)  'It 

We    are   therefore   led   to     %    — -  —  %  (co-ordinates,  t). 

From   this    equation  Ave   determine    q    and    have   for  the 

i 
general  integral  of  (3°)  the  function      V  —  - +   Vt.    We 

then  obtain  for     Vx    the  partial  differential  equation 

S©  =  °  <*> 

To  this  belongs  the  system  of  total  differential  equations 

dx^  :  d.r„'  :  . .  .  :  dx„'  =  1  (5°) 

The    7i  —  l    integrals  are 

h,  =  (xj-xj  =  d„         kz  =  (xj-xfi  =  dt .  . .     (6«) 

hn  =  (xj — .t,')  =  dn 

V1  (h„,  . .  .  A„)  will  be  the  general  integral  of  (4°)  and 
V  =  ~  +  F,  that  one  of  (3°).  Applyung  the  same  rea- 
soning for  the  y  and  z  co-ordinates  we  find  finally  that 
the   general   form   of    W   should  be 

order  that  the  six  integrals  should  exist.  V  is  an  arbi- 
trary function  of  the  time  and  the  differences  of  the  co- 
ordinates and  of  the  velocities.  Equations  (2°;  when  in- 
tegrated take  the  form 

MA  =   ^ '"<•''•  =  «*+«i*-  /*X|^* 
MB  =   2»i,.y.   =   ft+A*-/2S* 

5>« -»+»'- JH* 


"-£+' 


MC 


dz, 


dt 


II.      The  Integrals  of  Areas. 
To  obtain  the  next  three  integrals,  which  will  correspond 
to  the  integrals  of  conservation  of  areas,  we  put 
o./-,  =  0  ,  8y,  =  —  z,  8v  ,'Ss,  =  y,  8o 
and  obtain 

3  W         .dW)        d  vi  <,      dW  dTT 


dz,'         '  dy,' 


Jt  2-t\'Jidz~[  ~  Z>  ~dy~'  \ 


The  other  two  equations  which  form  with  (7)  a  system  of 
three  equations  are  obtained  by  permuting  the  co-ordinates 
in  the  last  equation.     To  integrate  (7)  we  require  that 


dW 


dF 


oz,  ~'  df,     +  Vi  dzj  ~  Z'   o~y~l   \    ~    dt 

where  evidently   F  is  a  function  of   the    time    and    the 


(8) 
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co-ordinates  alone.     Considering  tp  to  be  such  a  fun  ct 
dtp 


put      W  = 


and  obtain  after  reduction 


dt 

It  2  \  •"• 


3$ 


LI  =  — 

'/i  S  dt 


We  determine  therefore    xf/   from  the  equation 
{    =  F  +  const. 

dy}  :     </;,.,  :   .  .  . 


y{-^- 


■'//. 


—  z,  :   — i 


n  integrals 


dz1  :  dz2  :  .  .  .  :  (/•.„ 

//,  :  </,     :  .  .  .  :     //„ 

The   in  —  2    integrals  of  this  system  are 

-  +-  //,  //,  =  ba 
n  —  1  integrals 

The  general  integral  of    (9)    is  therefore  a  function 

V  =   V(z*+y?,ztzk+yiyt  ■■  ^+</,'2,  ",'-;  +  </.'?;) 

V  +  ^  =   W     will   be  the  integral  of    (S).     The  other 

two  equations  which  are  derived  from  (7)  by  permutation 
of  .-,  y,  .-.-,  will  finally  lead  us  to  the  result  that  V  must 
be  a  function  of 

r,*,  xt  x„  +  y,yk+  *,  ■-,  ■  '■".''  xk'  +  y('  yi  + 
where  we  have  put  r,-  =  ./•/"  +  //,"  +  "-,-  and  v.-  =  x /  -  +  //,' '  + ::'  '-' 
The  integration  of  the  three  equations  (7)  leads  to  the 
following  result.: 

./ 
di^ 

Or  after  integration  we  obtain 


and  put       W  —         +    V     into    (8)    to  find  the   pro: 

We  iii'-  led  to  the  partial  differential  equation  of 

the  first  order, 


in  independent  variables  enter  inl     9  .     The  system  of  total 

us  of  tin-  tirst  order  equivalent  t<> 


dy> 


dyl  ■ 

—  zj  : 


■  dym 


y,'s+z{'3  =  c, 

n  integrals 


«/«*'+ y/y*'  =  da 

n —  1  integrals 


E!      dxi  '/:'  n        V/"      dV  yV\ 

v1    (  dv*       ,/x'\  vf    '•'       dv\ 


(ii) 


III.     The  Principle  \ 

Letting     Sx,   =    ~-  dt     8y,    =      pdt     &2     =      ",' dt     we 

at  lit 

obtain 


rivr<     U'l-rA     /%.V    fd-X't~\    sr  S  P'r     d {9W\~]dx,    rew     d/dWYUy,    rdw     d/vj\        , 

l22r<i{-di)+{-di)  +\dt)  lrzil-jj--dt{j7j)pf+i.       dyjjjdt+l^ 

Or  after  integration  we  obtain 
T  =    \y< x>  + ii  +  -;—  *l  idt—ly   <  dl  —     .  x/  +  d   — —   .  //,'+  d   r    z    i  +  ft 

J',>  w 
will  disap- 


The    expression    under    the    integral    sign    is    equal    to 

raw    <>\v 

\~~dt  di 

so  that  we  get 

.       c,)\Y  ,       ^  (  3W     ,      dW     .      i>\V     .},. 

T  =       -  j  dt  +   >    \    — :  x.l  +  -  -  -.  ii    +  — - Tz    \  +  It 

J    Ot  ■£*      dx  ''ii    '  <>~         S 


n  this  lasl  expression  if  v..  ass  in  e  in     If*  = 


that    V 
tain 


ol    contain     t    explicitly. 


We   thus   ob- 


r=l+-- 


/ 


».*' 


dt 


T  = 


ity 


+  r 


dt)  ,        v<  <s"<>V    .      dV  9V    ,  }       v1  S 

V  I    ''• 

-Li  \   9xt 


■C) ,+  (f)     (f)  , 


h    or 


dV 


2.  j  a?*1  +%/y< 


—  '  i 

The  last  term  on  the  right-hand  member  in  connection 
so  that  we  obtain 


dt  +  ,> 


1 


r>\b  ,  (III/ 

with      —  equals 7- 

,»         l  dt 


(13)     r  =  v 


Z\  fix,'*'  +dyt'y,+d  j 


If   I'  is  a  homogeneous  function  of  the     nth     degree  in 

•'','.  .'/,',   .'.,'     we  obtain 

(14)  iT  =    (l-n)I'+  h 


In  older  that  tl  tls should  subsist 

time  we  have  to  regard    V  as  a  function  of  the  mutual 
distances,  and  the  relal  i  a  of  the  n  bodies,  then 

all  of  the  conditions  under  I.  II  and  III  will  !*■  fulfilled. 
It  is  important  to  remark  that  the  four  u  I  tative 

motion      with  respeol  to  the  i  I  hold 

good  as  long  as  the  ten  integi 

The  proof  is  substantially  the  same  as  that  one  given  in 
the  textl b 


102 


1  II  ]•;     ASTKoNoM  ICAL     .1  OUKN  \  I.. 


N"   I!.". 
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noKB  of  Motios  oi  i  iii   Pkobli  m  of  Two  Bodies. 

The  problem  of  two  bodies  being  of  the  12th  order  we 
shall  be  able  to  solve  it  completely  if  the  last  two  integrals 
can  i"'  obtained  bj  means  of  J  l<  obi's  principle  of  the  La  I 
multiplier.  We  Bhall  see  that  this  principle  applies  for 
Effective  fotenl  ial  Forces. 

W  =  /('(/•,  v)  where  ri=xi+y'+«i  v*=x'9+y'i+z"1, 
in  this  pari  of  the  paper  where  no  ambiguity  is  possible, 
.;•,  //..-.  will  be  used  for  relative  co-ordinates.  We  have 
for  relative  motion  the  three  differential  equations: 

d  ii         ,/  rdW\     d-,,  _  ,)\Y  _    d 
,/--.         9  W         d^  fdW 

\       W  =  ~dz  ~~  di  VUz1 


(i) 


dir 
dt1 


dt 


W) 


Introducing 


(2) 


<)\ 


W  =  (/•(,■,/•  i 
d  A. 

dt  \  dv 


,)W     x       d  fdW\x'  .   dWx" 


we  obtain 

+ 


,)c     v 

ill 

dy  v 


and  two  other  equations  similar  to  this  one. 

Let  system  (2)  be  solved  for  x",  y"  and  z"  so  that  we 
obtain 

(3)  as"  =    G  //"  =  //  a"  =  i 

where  G,  7/,  £  are  functions  of  the  co-ordinates  and 
their  first  differentials. 

This  system  can  be  replaced  by  the  following  one  : 

(4)  dt  :  dx  :  tix>  :  dy  :  dy' :  dz  :  dz'  =  1  :  •'■'  :G:y':H:  .-,-' :  L 

Since  G,  H,  L  do  not  contain  t  explicitly  we  can  elimi- 
nate the  time  from  the  last  system  by  omitting  on  the  left 
side  dt  and  on  the  right  side  1.  We  obtain  therefore  the 
system  of  the  fifth  order 

(5)  dx  :  dx' :  dy  :  dy' :  dz  :  dz1  =   x'  :.G:y':  II:  z' :  L 
After  having  solved  this  system  completely  and  having 

expressed  x',  //,  y\  z,  z'  in  terms  of  x  and  the  five  con- 
stants of  integration,  we  obtain  x,  x',  y,  y',  z,  z'  finally 
expressed  in  terms  of  t  and  the  six  constants  of  integra- 
tion by  solving  the  quadrature 

Jdx       _ 

Since  but  four  integrals  are  known  for  system  (5)  we 
have  to  search  for  the  last  multiplier  of  the  last  differential 
equation.     Jacobi  has  shown  that  this  multiplier  can  be 

obtained  in  all  cases  where 


dG     dH      OL 

— I 7  A ;     is  a   total 


dx'    '  dy'    '  d. 
differential  quotient.     The  transformation  of  (2)  into  (3) 
..s  generally  not  an  easy  matter,  and  the  general  proof  that 

•)  O         d~ff         <)  J 

1 A 7     is  a  total  differential  quotient  seems  to 

dx'      dy'      <>z'  i 

be  difficult.  But  we  can  obviate  this  difficulty  readily  if 
we  employ  canonical  co-ordinates.  We  need  not  limit  our- 
selves to  the  problem  of  two  bodies,  but  can  prove  the 
theorem  for  that  of   n  bodies.     Indeed  from  equations  (A), 


where   a  extends  from    1  ton,  we  obtain  the  differi 

in  t be  I i  "I  a  proportion  : 

dt-.dqi-.dq,:  . ..  :  dq„  :  dp,  :dpt:  .  .  .  :■/,■,,  (7) 

Applying  formula  (5)  of  the  fourteenth  chapter  of  the 
Vorlesungen  to  equation  (7)  and  calling  N  the  lasl  multi- 
plier we  obtain 


II 


dh,,,  .V 
~~di 


'   \>>1'J 


s-^+s 


.       3* 

\         ■'■/J 

dpa 


(8) 


since 

dqaopa 

(8)  in  the  form 


>t-K 

«V'a  <><la 


=  (i     we  obtain  a  solution  of 


X  =  const.  (9) 

If  therefore  Cm  —  2  integrals  are  obtained  we  can  find 
the  last  two  integrals.  Indeed  /  enters  into  (7)  through 
its  differential  alone  and  the  multiplier  of  the  last  differen- 
tial equation  is  obtained  from  the  Gn  —  2  integrals  that 
are  known.     Calling  the     6«  —  2     integral  equations 

Ul=    0         w„  =    0       ...      a.,,„_;  =   0  (10) 

we  obtain  the  last  multiplier  in  the  form  of  the  quotient 
of  two  functional  determinants  : 


<>•;., 


"»,;n-z 


(11) 


—i  dqs     ()qz  dqSn  <>lh  ■>/>,„ 

c, ,  c2,  ...  c0„_2     are  the   arbitrary  constants   of  integra- 
tion of  system  (10). 

The  last  differential  equation  for  which  ill)  is  the  ex- 
pression of  its  last  multiplier  is 


dq„  —        —  f/7]   =    0 

dPi   L     dp,    h 


(12) 


Applying  the  foregoing  result  to  the  problem  under  con- 
sideration, the  problem  of  two  bodies,  we  obtain  the  fol- 
lowing theorem  :  The  differential  equations  of  motion  of 
the  problem  of  two  bodies  can  always  h  integrated  com- 
pletely for  Effective  Potential  Forces  if  the  Effective  Poten- 
tial has  the  form      If"  =    V  (>\v)  + -3- 

APFLICATtOXS. 

Let  us  illustrate  the  foregoing  results  by  a  study  of  the 
three  electrodynamical  laws  of  Weber,  Kiemaxx  and 
Clausius. 

(A)      The  Law  of  Weber. 

1  (<'>;, 
dt 


■^  ^-i  a,  hi 


i  + 


For  this  potential  the  principle  of  action  and  reaction 
holds  and  the  conditions  which  Professor  A.  Mayer  has 
found  are  satisfied  by  V  :  it  depends  on  r„  and  rj  and 
besides  does  not  contain  t  explicitly,  jffhe  center  of  gravity 
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will  therefore  move  in  a  straight  line  with  uniform  velocity 
and  the  principle  of  conservation  of  areas  is  fulfilled  for 
the  three  co-ordinate  planes. 

The  principle  of  conservation  of  vis  viva  is  expressed  by 

When  we  break  up  V  into  two  parts  so  that    V  =  F,  +  V.. 

we  have      l\  =  ^Z,  ~F~  V* =  2-2,       7^   ''" 

/"   is  a  homogeneous  function  of    »■',  _y',  .?'    of  the  second 

ilr- ice  and  we  obtain 


T  =    l\ 


K+  h 


=  22 


+  h 


Professor  C.  Xei-maxx  calls  l\  the  "  statical,"  V„  the 
"dynamical"  part  of  the  effective  Potential  (Newton's 
Princip  ....  p.  235). 

For  the  problem  of  two  bodies  we  have 

(12)  V  =  -  (l  + 

where  A-2  is  Gauss's  constant  (it  should  be  said  that  <■-  is  a 
very  large  quantity ).  The  differential  equations  of  motion 
are 


kh. 


(13) 


k'l/ 


1  - 


1  - 


2r  d*r 

+  - 


r-    dt- 


drV      2r  </-,- 


d-.r 
W 
dhj 

dt-    '  r*    I  '        c2  \>ltJ    '   <■■   dt* 

Since  the  principle  of  conservation   of  areas  holds,   we 
have  selected  the  plane  of  motion  as  xy  plane,      Introduce 
polar  co-ordinates  by  putting 
illi  x  =   rcos#         ,         y  =  rsind 

we  obtain  after  a  simple  reduction*  |  1  5 


1 


dt* 


07.2 

1+^r 


/.• 


It))  I 


d\t  _         2  dr        dd 

~dT  '  >■  ilt     '    dt 

We  see  easily  that 

gg     3-g  =    _  o    \ 


=  J I 


1 


2;-+  r- 


+  .,. 


+  '• 


dr  =   df(f) 
dt  dt 


The  two  integrals  (15)  which  we  know  are  (16) 

The  second  equation  of  (15)  is  the  differential  of   the 
first  of  (Kit  so  that  system  1 1  "m  is  transformed  into  a  sys- 


tem of  the  third  order 


ctt2  ~~    .       2/.-      ,-3        r2  I  <•-  V/^ 


(17)  x  +  rc 

rdf=  * 

or  in  the  form  of  a  proportion 


•See  nay  paper:     Onthi  Integration  of  the  J)  '  inattont 

of  Motion  in  tht  Problem  0.1  Two  Boo  t.  (The  Astronomical  Journal, 

No.  :i!M,   I'arl   II.) 


</< 

dr  :  dr'  : 

-/,'/ 

=   1  : 

r*  • 

r»       r2\ 

-9 

1  + 

2A2 

E 

iminate  t 

by 

means 

of 

.//    = 

and 

we  obtain 

,lr  :  dr1  : 

dd 

r'  • 

v." 

-  k*r  (l 

-20 

l*+2t* 

A-2 

- 


The  first  of  these  equations,  namely, 


/.--,• 


dr  :  dr1  = 


S 


is    the    differential   of   the   (10).,  when    dt    is    eliminated 
through    19) 

Then-    is  lefl    therefore  for   integration  the  foil 

differential  equation     dr:dd  =  r' :  ';.    From  (16).,  we  have 


>•'   =    ± 


V      h 


(21) 


Introducing  this  in  the  equation  above  we  obtain 


di>   = 


ndr 


V  ■  +»*• 


We  can  evidently  integrate   this   equation   oompl 

without   determining   the    last    multiplier   from    (Kit,    and 
i  If...  and  obtain   thus  finally  the  four  variables     r. 
from  the  fallowing  integral  equations: 


t  +  t. 


\ 


i  + 


2fcs 


S 


■ 


.'>+;>,= 


..      I  2t2 

\ 


^ 


.  +  " 


For  the  .'valuation   of  the  elliptic  integrals  see  S 

,'n  perturbationilusqut  planetarum,  I      tingen, 

L864. 

iBi      2  '    Kn  u  \nn. 

The  effective  Potential  takes  the  form 

I 


x^; 


1  + 


I 


Since     W  =    I' 
a  v 


is  fulfilled  and 

9  I 


.'  I" 


v"     o  v  "  =  o  y  fz  =  o 

_  —  ,'y,  — 

we  see    that    thecelite: '0  will    move    with  uniform 

velocity  in  a  straight  line.     The  princip''  ration 

of   areas  does  not   hold. 

We  obtain  instead  of   it  the  equations 
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(24) 


The  principle  oi   via  viva  is  given  by 
For  the  problem  of  two  bodies  we  obtain 


Equations  (24)  and  (25)  are  reduced  for    n  =  2  to  the 
following  Equations: 


da 


dy 


(26) 


y  ^--z^7 


d( 


a 


" 

dx         (fc 

dt           dt 

73 

ft 

/r- 

di/         dx 

x  —  —  v       = 

di      '  dJ 

-/.- 

1  + 


2&a 


(27) 


'f^  " 


+  h 


{dt)     ~     ~ 


+      33 


Multiplying  the  three  equations  (26)  by    a-,  y,  z    respec- 
ts x  +  A  y  +  y3  * 


tively  and  adding  we  obtain     0    = 


1 


L'/.'- 

J'C2 


This  equation  shows  that  the  motion  of  the  second  body 
takes  | 'lace  in  a  plane  which  passes  through  the  origin  :  the 
primary  body.  Taking  the  plane  of  motion  for  the  xy 
plane  we  have  to  integrate  the  following  system  of  the 
fourth  order  : 

/.■-.<•  _  7.-2  f  a-  ,  2  dx  dr  2  d2x ) 
dT-  ~  1*~  7zl?v~7-dt7Tt+7-  dt*  I 
d>  =  _  &y  _  P  j  y  ,  _  2  dy  dr  2  d*y  1 
d*2  rs         c-  I  r3  '  r-  dt  dt  +  r  dt2  I 

Dealing  with  this  problem  in  the  same  way  as  we  did  be- 
fore in  Weber's  law,  we  are  led  finally  to  the  following 
system  of  integral  equations :  ■ 


A  discussion  of  these  equations  is  given  in  F.  Tisbj  1:  wi. 
Traiti  de  mecanique  celeste,  Tome  IV.  p.  504   508. 


(C)     The  Li."'-  of  i'i .  m  mi  s. 
The  effective  potential  is 


Z-zl    r,j     i  r  [dt   'I'       dt   ill       'I'  'ii  J 


where  o-  is  a  constant.  This  potential  leads  in  the  sim- 
plest of  the  three  laws  which  R.  Clai  mi  s  has  given  to  bis 
paper,  Sitr  la  deduction  d'un  nouveau  principe  di-  FJSPlectro- 
dynamique  (Journal  de  Mathematiques  puree  et  applique's; 
Troisieme  Serie,  Tome  IV,  p.  113  [French  translation  by 
Mr.  F.  Folie]). 

Since  we  have 


dx,  dx,      dy,  dy,      dz,  dz 

dt    dt        dt    dt        ilt    dt 


l  ■    r "-  j-  t-  —  r "  -  - 


and  r, /  =   (a:,— as,)* +  (y,-yi,)9 +  (*,—*,)' 

we  learn  that  the  following  relation  will  hold  : 


#  + 


».-*/- 


J^+*X1+3)-?f 


,//• 


(29) 


*^+»X1+ 


:'/,-' 


'"  =  ^^+4X1+S-^ 


#* 


>-2(l  +  ^- 


v(     dV        dV  t     ,<>v 


zi  i  f     = 

>>>.i!  > 


—   (        r Ar.  &>2,  - '  i-  <>Z,'    I 

^  (       <>V  dV        ,3V  -dV\ 

7    1  ■'',  —  '/. r  x   — — ,  —  y; ,  r    =   0 

_   (    '  By{         '''  Bxt  '   dy/        J:  <Jx,'  ) 

the  three  integrals  of  areas  will  hold.     See  Part  I,  No.  II. 

the  first  three   integrals   of  the  motion  of.  the   center  of 
gra^  ity  will  hold. 


9  r 


7V 


dV 


y^*o,y^±o,y^i: 


0        (3) 


the  last   three    integrals  of  the   motion  of  the  center  of 
gravity  will  not  hold. 

Since  V  does  not  contain  t  explicitly  the  principle  of 
conservation  of  pis  viva  will  hold.  We  have  therefore  but 
seven  integrals  for  absolute  motion  and  can  not  expect  to 
solve  the  problem  of  two  bodies. 

The  University  of  Chicago,  1S9S  July  24. 


CONTESTS. 
The  Tex  Integrals  of  the  Problem  of  n  Bodies  for  Forces  Involving  the  Co-ordinates  and  Their  First  and  Second 
Differentials,  by  Kurt  Laves. 


THE 


ASTRONOMICAL    JOURNAL. 

)ED     BY     B.     A.     G 

No.  446. 


FOUNDED     BY     B.     A.     GOULD. 


VOL.  XIX. 


BOSTON,     1898    OCTOBER     14. 


NO.   14 


COMPARISON     OF     THE     OBSERVED     AM)     PREDICTED     MOTIONS     OF     THE 
POLE,    1890-1898,    AND   DETERMINATION    OF    REVISED    ELEMENTS, 

B\    S.   I  .  CHANDLER. 


Several  years  have  elapsed  since  the  geometrical  law  of 
the  movements  of  the  earth's  axis  was  demonstrated,  and 
its  numerical  constants  ascertained  from  all  the  suitable 
observations  from  1825  to  1893.  A  synopsis  of  this  th<  "i  \ 
was  given  in  A.J.  4<><;.  It  is  proposed  in  the  present  article 
to  compare  it  with  the  observed  motion  as  derived  from 
the  numerous  observations,  directed  to  this  end,  so  labori- 
ously executed  at  many  stations  during  the  last  eight  or 
nine  years;  and  to  ascertain  what  improvement  can  now 
be  made  in  the  numerical  values  of  the  elements  involved 
in  the  expression  of  the  law,  namely,  the  periods  and 
dimensions  of  its  two  components,  with  their  variations. 

It  is  impracticable  in  the  space  available  here  to  give 
the  numerical  details  of  the  investigation,  or  more  than  a 
general  brief  description  of  its  processes.  The  data  em- 
ploj  ed  are  the  following  :  — 


Station 

Observers 

Interval 

9o 

Tokio 

Kimura 

L895.6-96.5 

L6.70 

" 

Kimura 

1896.7-97.7 

Id.  7ii 

Kasan 

Kowalski 

1892.4  93.5 

23.21 

» 

Gratschew  and  Trozki 

1893.6-95.0 

23.1  1 

» 

Gratseln'w 

1895.1   97.7 

23.08 

Pulkowa 

Wanaeh 

1890.3  91.4 

18.13 

tt 

Kostinsky 

1891.7  93.3 

18.01 

" 

N  \  r-:ii 

1893.2  94.4 

18.69 

« 

Pedaschenko 

1896.3  97.5 

17. '.)7 

Cape  1  r.  Hope 

Gill  and  Finlav 

L892.2  94  2 

3.23 

Vienna 

Sterneck  and  Krifka 

1892.9  94.0 

40.04 

Prague 

Weinek  and  Grvj 

1889.2  92,  l 

15.86 

" 

Spitaler  and  Leiblein 

1895.2  'J7.7 

L5.90 

Naples 

Fergola 

1893.4  94.5 

15.76 

Berlin 

Marcuse 

L889.0  91.2 

L7.29 

" 

Battermann 

1891.1   93.0 

17.39 

Potsdam 

Schnauder 

L889.0  90.3 

56.29 

« 

Si  hnauder  and   1  [ecke 

1893.9  97.5 

53.13 

Karlsruhe 

Etistenparl 

L892.8  96  5 

28.98 

Strassburg 

Becker  and  Kobold 

L891  1  96  6 

0  15 

Lyons 

Gonnessial 

L893.3  97.3 

loos 

V  u    York 

Bees,  Jacobj  and  Davi 

L893.3  94  5 

27.19 

Philadelphia 

Doolittle 

L896.8  98.2 

2.12 

Station 

Observers 

Interval 

<f 

Bethlehem 

Doolittle 

1889.9-91.0 

- 

a 

Doolittle 

1892  ■ 

23.11 

Rockville 

Smith 

1891.5  92.6 

L0.45 

San  Francisco 

I  'avidson 

1891.4  92  6 

I  [onolulu 

Ma  reuse 

1891.4  92.4 

24.93 

tt 

Preston 

1891.4   92.5 

24.39 

The  data  of  observation  have  been  used  as  printed  in 
Albeecht's  report  of  the  Centralbiireau  der  TnU 
Erdmessung,  Berlin,  L898 ;  or  as  kindly  communicated  to 
me  b]  several  of  the  observers,  whom  I  desire  here  to 
thank  for  the  courtesy.  The  observed  latitudes,  after  de- 
ducting the  values  of  ■/,,.  properly  determined,  as  given  in 
the  above  table,  were  compared  with  the  known  formulas 
(see  §7,  p.  17.'!.  A.J.  106),  and  the  deviations  combined  so 
as  to  give  mean  values  at    50-day  u 

using  for  such  means,  in  genera!,  dates  not  more  than  25 
o. i\  .  I  com  these  epochs. 

In  on  a  perspicuous  view  of  the  accordai 

the  observed   latitude-variations  with  those  l  t    the  : 

in  a rm,  the  accompanying  plate,  [,  has 

constructed.     V<\  reversing  the  signs  for  the  si 
Francisco,  Honolulu  and  Tokio,  the  whole  data  fallnatu 
into  three  groups  ol   longitudes,  and  by  pre  per  reduction 
can  be  referred  to  three  meridians,  for  which  I  have  chosen 
Kasan.   Berlin  and   Bethlehem.     The  chart  shows,  in  the 
broken  line,  for  each  -roup,  the  mean  of  the  observed  lati- 

iriations  reduced  to  the  principal  meridian  i 
group,  while  the  continuous  curve  is  thai  ol  the  formula. 

The  correspondence  ol  observation  with  prediction,  for 
all   three  meridians,  is   faithful   throughout,   as 
character.       Nowhere   is   there   any    significant    systematic 

departure  until  the  last  year,  when  a  different 
quite   plainly  marked   in  all  three,  which    mat 
need  of -some  correction  to  the  numerical  const 
theory.     To  ascertain  the  nature  of   tie 
to   determine   the   I 
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■  V  processes  similar  to  those  originally  adopted  in 
A.J.  323,  329  foi  the  Bame  purpose,  [nstead,  however,  of 
deducing  x  and  y  directlj  from  the  latitude-variations 
themselves,  the  deviations,  0— C,  of  the  observed  Erom 
the  calculated  values  were  made  the  basis  of  the  computa- 
tion of  corrections,  1x,  1y\  thus  using  the  theory  as  a 
term  of  comparison,  in  an  analogous  way  to  thai  in  which 
an  approximate  orbit  of  a  planet  or  comet  is  employed  to 
mute  aearlj  adjacent  observations  into  normal  places. 
This  procedure  is  as  unobjectionable  in  this  case  as  in  the 
other,  since  the  assumed  formulas  follow  the  trajectory  of 
the  polo  so  nearly  that  the  differences  are  small  and  their 
general  trend  quite  regular.  This  permits  the  use  of 
obvious  and  perfectly  impartial  processes  of  adjustment 
which  eliminate  purely  accidental  errors,  while  leaving 
-v.;i\  for  any  actual  systematic  departures  from  the  general 
course  of  the  assumed  curve.  Thus  a  fair  curve  is  obtained, 
without  sophisticating  the  observations,  whose  coordinates 
represent  the  actual  path  of  the  pule  shown  by  the  obser- 
vations, free  from  their  accidental  errors.  The  adjusted 
observed  values  of  x,  >/,  thus  obtained  are  given  below. 

Observed  Coordinates  of  the   I'oi.i:. 


t 

X 

V 

t 

X 

y 

1350 

-0.127 

+  0T95 

2800 

+  0.026 

—  o.i;.  1 

1400 

+ 

.090 

+  .266 

2850 

_ 

.001 

-  .105 

1450 

+ 

.246 

+  .188 

2900 

_ 

.022 

-  .043 

1500 

+ 

.255 

+  .010 

295(1 

_ 

.044 

+  .017 

L550 

+ 

.11(1 

-  .170 

3000 

— 

.064 

+  .045 

1600 

_ 

.090 

-  .235 

3050 

— 

.063 

+  .043 

1650 

_ 

.246 

-  .138 

3100 

— 

.015 

+  .013 

1700 

_ 

.249 

+  .068 

3150 

+ 

.064 

-  .017 

17. -.ii 

(- 

.102)  (  +  .257) 

3200 

+ 

.122 

-  .024 

1800 
1850 
1900 

(  + 
(  + 

+ 

.103)  (+  .309) 
.245)  (+  .181) 
.228  -  .032 

.",250 
3300 
3350 

+ 
+ 

.122 
.043 
.060 

-  .(»11 
+  .005 
+  .002 

1950 

+ 

.089 

-  .218 

3400 

_ 

.140 

-  .002 

2000 

_ 

.090 

-  .290 

3450 

— 

.143 

+  .015 

2050 

— 

.191 

—  .224 

3500 

— 

.085 

+  .058 

2100 

_ 

.166 

-  .034 

3550 

+ 

.027 

+  .098 

2150 

_ 

.054 

+  .152 

."COO 

+ 

.140 

+  .094 

2200 

+ 

.092 

+  .231 

3650 

+ 

.171 

+  .033 

2250 

+ 

.183 

+  .169 

3700 

+ 

.111 

-  .000 

2300 
2350 

+ 
+ 

.180 
.100 

.000 
-  .104 

3750 

3800 

[: 

.031)  (-  .160) 
.156)  (-  .160) 

2400 

— 

.013 

-  .219 

3850 

.210 

-  .063 

2450 

_ 

.093 

-  .151 

3900 

_ 

.138 

+  .064 

2500 

_ 

.115 

-  .005 

3950 

+ 

.020 

+  .171 

2550 

_ 

.072 

+  .122 

1 > 

+ 

.146 

+  .197 

2600 

_ 

.005 

+  .162 

1050 

+ 

.  1  7.'. 

+  .110 

2650 

+ 

.049 

+  .113 

4100 

+ 

.108 

-  .050 

2700 

+ 

.071 

+  .008 

4150 

-0.003 

-0.180 

2750 

+  0.056 

-0.092 

The  observed  curve  on  the  left  hand  of  the  accompany- 
ing plate  II  is  laid  down  with  the  coordinates  of  the  fore- 
going table ;  while  on  the  right  hand  is  given  the  curve  of 


the  theory  propounded  in  1894.     This  double  form  of  exhi- 
bition of  the  ad  computed  paths  is  adopti 
avoid  the  confusion  which  would  arise,  from  the  invi 
convolutions  of  similar  curves,  if  then-  representation  had 
both  been  attempted  on  the  same  diagram,  as  was  done  for 
the  similar  ease  in  the  plate  in  A.J.329.     The  point 

each  tenth  Oi  a  year  are  marked  by  dots  with  the  small 
figures  against  them;  the  beginning  of  each  year  in  larger 
figures. 

It  will  be  manifest  from  a  glance  at  these  diagram 
the  characteristics  of  thi    curves  of  observation  and  pre- 
diction, both  in  general  and   particular,  are  nearly  identi- 
cal.     A   less    cursory   comparison,    point    by    point,   will 
show    thai    what,    differences    exist   are   of   a  subord 
nature  ;  that  is,  they  manifestly  relate  to  the  need  of  slight 
emendation  of  the  numerical  constants  used,  ami  not  to  the 
correctness  of  the  geometrical   theory.     The  only  serious 
departure  is  in  the  portions  of  the  curve  after  the  begin- 
ning  of   1896,  alter  which  date   the  location   of  tie 
of  figure  by  observation  is  sensibly  and  .systematically  be- 
hind that  of  the  theory,  by  an  amount  corresponding  to 
about  15  or  20  days  motion  in  the  orbit. 

I  now  proceed  to  ascertain  what  corrections  are  needed 
to  the  computed  elements  of  the  motion  heretofore  used. 
The  problem  is  to  determine  from  the  observed  coordinates, 
./•  and  //,  which  are  entirely  independent  of  theory,  the 
numerical  values  of  the  constants,  expressing  the  periods, 
epochs  and  parameters  in  the  fundamental  equations  (27) 
which  represent  the  geometrical  theory  of  the  composite 
harmonic  motion.  This  problem  is  not  entirely  resolvable 
from  this  short  series  alone.  The  angular  velocity,  6,  in 
the  428-day  component  must  be  found  with  precision,  and 
this  can  only  be  done  by  the  aid  of  extraneous  data  cover- 
ing a  long  interval.  For  this  purpose  we  have  recourse 
to  the  following  table  incorporating  all  of  the  best  ma- 
terial available,  namely,  all  the  series  of  observation 
since  1825  which  are  sufficiently  precise  and  sufficiently 
extended  to  effect,  in  each  independently,  a  proper  se]  a- 
ration  of  the  epochs  of  the  two  terms  of  the  latitude- 
variation. 

Column  T[  gives  the  observed  dates,  according  to  the  in- 
vestigations to  which  reference  is  made  in  last  column, 
when  the  pole  of  figure  passed  the  Greenwich  meridian  by 
virtue  of  the  42S-day  revolution.  The  columns  O  — C  give 
the  deviations  from  various  hypotheses  as  to  the  period  of 
this  revolution;  namely:  — 

I.  Eq.  (52)  of  the  investigation  in  A.J.  322,  identical 
with  eq.  (36)  of  the  synopsis  of  the  theory  in  A.J.  400. 

II.  The  best  period  variable  uniformly  with  the  time 
which  will  unite  the  epoch  of  the  present  series  with  the 
rest  of  the  data  in  the  table  except  A  ;  namely, 

241 2646  +  427.0  E  -  0.08  E" 
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III.     The  best  similar  representation,  for  the  dates  since 

I'll  2672  -  131.55  E 

1SG0,  with  a  uniform  period  ;  namely, 
241  2G46  +  428.2  E 
IV.     The  formula  of  H.  G.  v.d.  Sande  Bakhutzen  in 

V.      I1       formula   recently  given    by  E.  F.  v.d.  Sasde 
Bakhutzen  in  the  1'roceedings  of  the  Amsterdam  Acad- 

A.N.3275,  namely, 

211  2660  +  431.11  E 

Observatory 

Instrument 

Interval 

K 

1\ 

I 

O— C 
II        III 

IV 

V 

Reference 

A    Greenwich 

Mural  Circles 

1825  36 

-54 

2389521 

+  lu 

+  166   -     2 

+  153 

+140 

A.J.  31 

(  Greenwich 
B<  l'ulkowa 
(  l'ulkowa 

Mural  Circles 

L836  50 

-41 

2393712 

n 

+     9        93 

+  28 

+  20       •    320, 

Prime  Vertical 

1840  55 

-  13 

239  11  is 

+  11 

+    11    -  85 

+    I'.".      ■■     291 

Vertical  Circle 

L842    l'.> 

-41 

i<;;'.i  I'.n  I 

—  75 

-   91    -176 

CI 

-   71      "    335,  "11 

(  l'ulkowa 
c     Leyden 
(  Pulkowa 

Vertical  Circle 

1863  To 

-23 

2402815 

+  53 

+  32  +   18 

+  69 

+   70      ■•    293,  - 

Meridian  Circle 

1864   7  1 

—  22 

2403178 

-19 

-  35  -  47 

0 

+     2    A.N.3261 

Vertical  Circle 

1871-75 

-17 

2405366 

0 

+     2          0 

+  30 

+  34    A.J.293,  eq.    12 

I)     l'ulkowa 

Prime  Vertical 

1875-82 

-13 

2III7H75 

-18 

-7-4 

+   13 

+    19      ••    297,  cul.2.  line  4 

„  j  Pulkowa 
(  Lyons 

Vertical  Circle 

L882  89 

—    7 

2409G54 

-11 

+     1   +     5 

+     3 

+11       "    426 

Meridian  Circle 

1885  93 

-  4 

2410939 

-  3 

+     2+6 

-     7 

+     3      ■•     334 

/■'     19  series 

Talcott  method 

lS'.i(u«t7 

ii 

241 2646 

+  8 

0           0 

-  26 

—   14    Present  paper 

The  testimony  of  the  observations  as  to  the  variability 
of  the  period  is  conveniently  presented  in  the  following 
statement,  which  gives  six  normal  epochs,  formed  as  indi- 
cated by  the  letters  in  the  first  column  of  the  foregoing 
table.  The  differences  of  these,  taken  two  and  two,  give 
the  observed  periods.  The  deviations  from  the  various 
hypotheses  follow  in  the  various  columns  O  — C. 

0—0 
Period  I  II  III  IV  V 


A  238  9521 
B  2394115 
C  24(14076 
D  240  7075 
E  2410083 
F   241 2646 


B- 

-A 

418.5 

C- 

B 

433.1 

D- 

-B 

132.0 

E- 

-C 

429.1 

F-D  428.5 

F-E 

427.2 

-4.8  -16.2  -9.7  -13.0  -12.6 
+  1.4  +  1.1  +4.9  +  1.6  +  2.0 
+  0.1  +  0.5  +3.8  +  0.5  +  0.9 
—1.2  0.0  +0.9  -  2.4  -  2.0 
+  2.0  +  0.4  +0.3  -  3.0  -  2.6 
+  2.7  -  0.3  -1.0  -  4.3  -   3.9 


My  conclusions  from  the  facts  presented,  which  com- 
prise substantially  all  the  competent  testimony  available, 
arc:  (a)  that  the  velocity  of  rotation  in  the  14-months 
period  is  not  uniform  ;  (b)  that  the  mean  period  within  the 
interval  of  precise  observation,  or  since  1S25,  is  428  days 
within  a  small  fraction  of  a  day;  (c)  that  the  hypothesis 
that  the  mean  period  since  1860  can  be  as  great  as  431 
days  is  untenable:  (d)  that  the  hypothesis  of  a  change  in 
the  period  uniform  with  the  time,  while  it  accords  with 
observations  since  I860,  is  incompatible  with  those  anterior ; 
(e)  that  a  change  per  saltum  between  ls:;o  and  1860 
is  also  incompatible  with  the  facts,  to  reconcile  all  of  which 
requires  the  assumption  of  a  periodical  or  at  leasl  a  con- 
tinuous one,  such  as  I  adopted  for  empirical  representation 
of  the  data,  live  years  ago.  I  do  not  see  bow  these  infer- 
ences can  be  controverted  without  unduly  discredits 
competent  results  id' observations.  1 1'  an\  ol  'them  conflict 
with  the  present  state  of  dynamical  theory,  thai  is  a  matter 
id' concern  for  the  latter,  calling  for  its  amendment 
affords  another  illustration  of  its  blindness  as  a  guide  to 
correct  conclusions  as  to  the  movement  of  the  actual  earth, 


however   obedient   to   it    the    imaginary  earth    of   theory 
may  be. 

From  what  foregoes  I  decided  to  adopt,  for  the  study  of 
the  series  1890-07  under  examination,  the  period  427.0 
days,  which  corresponds  to  the  daily  angular  velocity 
$  =  0°.S43.  With  this  and  preliminary  values  of  ;-,  and 
7', .  ./-,  and  //,  were  found  by  eq.  (25)  .4.(7.406,  and  subt: 
from  the  observed  values  of  x  and  // ;  giving  j-.,.  ;/_.  which 
were  then  invesl  igated  to  find  the  constants  in  eq.  (7).  The 
resulting  computed  values  of  x„,  yt,  were  then  in  turn 
subtracted  from  the  observed  <\  //.  and  r,  and  J\  found 
anew;  and  so  on  until  three  approximations  had 
the  last  being  adopted  as  final.  For  the  14-month  term  we 
thus  obtain  :  — 


( Observed 

i tbserved 

E 

Vi 

o— c 

n 

O— C 

-3 

211  1363 

-  3 

2 

L788 

-  3 

.149 

-   .013 

-1 

........ 

+  8 

.  1  .">'> 

n 

2651 

+  13 

.1  15 

-   .003 

+  1 

3060 

ii 

.138 

-   .003 

4  2 

3503 

•  20 

.125 

-   .009 

+  3 

2413946 

+  40 

0.103 

The  last  value  is  uncertain,  being  found  from  an  incom- 
plete cycle.  The  solution  for  the  whole  -  as  the 
mean  values  i  1890  9 

7',  =  2112646     ,     r,  =  0".148 

*  The  memoir  last  referred  to  <IM  OOl  arrive  until  the  present  article 
was  written,  but  1  Interpolate  this  statement  with  regard  to  it  in 

o  enable  astronomers  to  decide  as  to  the  justness  of  thi 
therein  set  forth.     Both  of  the  gentlemen  of  the  Leyden  Observatory 

strenuously  maintain   thai    the   mean   period   is  more   than  481  days, 

and  that  it  is  Invariable.  The  formula  V  is  deduced  bya  peculiar 
and  arbitrary  treatment  of  the  results  "f  obsen  at  ion.  its  initial  epoch 
being  based  on  the  Leyden  observations  alone,  on  the  alleged  ground 
that  its  errors  are  far  Bmaller  than  those  of  all  other  series,  which 
are  rejected.  I  must,  however,  deny  the  propriety  of  assigning  a 
weight  of  zero,  relative  to  Leyden,  to  the  extensive  and 
at  l'ulkowa  between  1868  and  1882,  with  the  Vertical  Circle  and 
i'i  Ime  \  art  leal  Transit. 
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The  differences  0  C  are  from  the  numerical  theory 
oi  !•/.  322,  which  gives,  for  the  mean  epoch, 
1\  =  241  2638  .  r,  =  C.156 
with  a  period  I23d.l  The  ahove  residuals  give  acorrection 
0f  abou1  I  "'ll :  thus  th(  observed  period  is  128  days  ;  but 
[s  qUite  uncertain,  depending  on  the  correctness  of  the  in- 
volved assumpfron  thai  the  annual  period  is  exactly  a  year. 
The  observed  values  of  r,  sho^  a  di  cid(  d  diminution  during 
the  series.  I  believe  this  result  to  be  real,  as  it  is  in  no 
way  constrained  by  the  assumptions  as  to  the  constancy  of 
the  annual  term.  The  suspicion  might  arise  thai  the 
diminution  maj  be  a  refluent  effect  coming  through  a 
change  of  some  sort  in  the  annual  ellipse,  reflected,  b\  the 
process  of  elimination,  as  an  apparent  change  merely,  in 
the  dimensions  of  the  14-months  circle.  But  this  does  not 
seem  to  be^so.  While  an  erroneous  assumption  as  to  the 
period  of  either  component  will  prejudice  the  epoch  and 
the  form  of  the  other,  and  in  the  case  of  the  ellipse  the 
direction  of  its  axes,  the  mean  dimensions  will  he  unaltered. 
l',\  special  computations  to  test. the  matter  1  have  satisfied 
myself  thai  the  phenomenon  of  decrease  actually  pertains 
to  the  radius  of  the  circular  motion  and  not  to  the  annual 
ellipse.  Its  conformity  With  the  empirical  law  derived 
from  the  observations  of  1825-90  is  quite  striking. 

The  elements  of  the  annual  ellipse  given  by  the  investi- 
gation are  :  — 

T  L  to  a  b 


1890  Mar. 

29 

7 

43 

0.27 

0.13 

L892  Apr. 

3 

13 

48 

0:32 

0.08 

1893  Mar. 

31 

9 

40 

0.26 

0.09 

L894  Apr. 

10 

19 

48 

0.26 

0.08 

1895  Mar. 

29 

■ 

30 

0.30 

0.09 

1896  Apr. 

13 

23 

37 

0.27 

o.(i7 

1897  Apr. 

25 

34 

26 

0.33 

0.11 

1890-93  Apr. 

4 

13 

45 

0.28 

0.09 

1891-97  Apr. 

14 

23 

35 

0.27 

0.08 

All 


Apr.     8       17.1      39.6       0.275       0.085 


The  values  found  in  1894  {A.J.  329)  from  observations 
1890-93  were 

1890-93      Apr.  6       15°       45°       0".30       0".08 
the  differences  of  which  from  the  present  calculation  for 
the  same  interval  are  merely  nominal. 

The  values  of  the  dimensions  of  the  ellipse  for  the 
separate  years  do  not  sensibly  differ  from  the  mean  value. 
A  tendency  is  noticeable  to  progression  in  the  elements 
pertaining  to  the  epoch  and  the  position  of  the  major  axis, 
but  not  large  enough  to  pronounce  as  to  its  reality,  con- 
sidering the  delicacy  of  the  problem ;  and  we  must  await 
further  observations  before  deciding  the  question.  Never- 
theless, without  overpressing  the  interpretation  of  the 
results  so  far  obtained,  it  is  important  to  remember  that 
collateral  evidence  is  at  hand  that  a  change  of  some  sort  in 


the  position  oi  the  annual  ellipse  musl  be  in  progress,  with- 
out distinctly  indicating  the  character  of  such  change.  Bui 
we  have  Bome  light  on  the  problem.     Ftefert 

of  the  epoch  G  for  the  Greenwich  meridian,  for  the 
interval  1825  90,  in  the  tabic  on  p.  7.'i. A.J.  ::29.  and  to  the 

chart  there  accompanying,  where  its  values  are  repr nted, 

on  the  lower  portion,  by  small  circles,  it  is  apparent 
they  fall  into  a  well-marked  curve,  which   I    have   there 
empirically  represented  by  the  formula 

G  =  317°  -44°  cos  (i— 1865.25)  .  5  .48       > 

and  the  amplit  ude  by  I 

r,  =  0".135-0".02  cos  (t-1865.25)  .  5C.48   \ 

It  may  be  incidentally  noted  that  the  present  investi- 
gation furnishes  another  value  for  L894,  G  =  .'!(J.'S°.  which 
also  falls  well  on  the  line  of  the  curve. 

Now  if  we  put  \  =  0  in  eq.  (32),  A.J.  106,  then  by 
eq.  (31)  and  (6)  we  have  for  the  Greenwich  meridian, 

•        ,-,  a  ■         T  l'        ■  T 

r„  sin  O'  =  =  cos  to  Bin  L  —  =  sin  co  cos  L 

_,         a  _   .  b    .  .     , 

/•,  cos'.     =   -  cos  a)  cos  L  +  -  sin  to  sin  L 


whence  we  get 


tan  {L—G')   —  -  tan< 


I 


''-    =   i  \J[a?cos*{L— G')+b2sin'-(Z,— G')]      ) 

The  constant  G1  is  the  longitude  of  the  sun  on  the  date 
of  minimum  latitude,  and  in  these  formulas  corresponds  to 
the  Greenwich  meridian.  It  will  be  a  constant  so  long  as 
the  pole  returns  to  the  major  axis  exactly  in  a  y-ear,  in 
other  words,  so  long  as  the  longitude  of  the  epoch  L  is  a 
constant,  and  if  the  ratio  of  the  axes  and  their  angle  to  the 
Greenwich  meridian  are  also  constant.  If  we  assume  an 
apsidal  motion  we  get  by  (B), 


when      o>=    0 
when      <o  =  90 


G  =  375 
G  =  285 


,:.  =  0.150 
r.  =  0.040 


Mow  it  is  curious  that  by  the  formula  of  observation  (A) 
the  limiting  values  are 


for     1832  and  1899 
for     1865 


G  =  361 
G  =  273 


=  0.155 
=  0.110 


By  comparing  the  above  relations  it  will  be  seen  that 
the  observed  change  could  be  accounted  for,  on  the  hypothe- 
sis of  apsidal  motion,  by  an  oscillatory  movement  of  the 
apses  from  west  to  east  from  1832  to  1865,  and  a  retro- 
gression from  1865  to  1900,  through  an  angle  of  about 
90°,  i.e.,  from  about  <o  =  0  to  co  =  90°  and  back  again. 
Further,  in  the  above  table  of  observed  elements  of  the 
annual  ellipse  between  1890  and  1897,  the  apparently  indi- 
cated change  in  to,  toward  the  Greenwich  meridian,  fr<  m 
about  45°  to  30°  in  this  interval,  corresponds  to  a  contiuu- 


\ 

a 

CO 

1 

5 

5 

P 

N°-  44G 


THE     A.STRONOMICAL     JOURNAL. 


109 


ation  of  the  same  motion  as  that  above  indicated  as  taking 
place  by  the  observations  before  1890,  on  the  assumption 
of  apsidal  motion.  In  other  words  the  observations  before 
1890  would  assign,  by  (A),  the  values  of  G  for  18'.tu  and 
1897.5,  as  348°  and  361°,  respectively  ;  which  b 
give  for  1890  and  1897.5,  the  angle  u>  =  Gl°  and  43°; 
while  the  actually  observed  values  of  o,  in  the  table 
of  elements  above  would  give  for  those  dates,  roughly. 
w  =  45°  and  30°,  respectively. 

All  this,  while  crude,  lends  a  certain  air  of  probability  to 
the  suggestion  that  the  observed  changes  may  be  due  to  an 
apsidal  motion  of  the  ellipse.  A  few  more  years  of  obser- 
vation will  tell  definitely.  Meanwhile,  for  the  purposes  of 
computation  of  latitude-variations  we  must  assume  all  the 
elements  of  the  ellipse  as  constant.  "We  therefore  adopt 
the  mean  values  for  the  whole  interval 


L  =  17.1 
oi  =  39.G 


a  =  0.275 
b  =  0.085 


which  by  eq.  (5),  (G)  and  (7)  give 

x„  =  0.095  sin  (©-308) 
!/l  =  0.110  cos(Q-     3) 

For  the  14-month s  term  the  mean  values  for  the  whole 
interval  give 

a:,  =  0.148  sin  (i-241 2646)  0  S43 
y,  =  0.148  cos  (/-241 2646)  0.843 

Since,  however,  the  variability  of  both  period  and  radius 
of  this  term  seems  to  be  demonstrated,  I  prefer  2\  and  6 
coming  from  II  on  p.  106,  and  to  use  for  rx  the  same 
value  as  heretofore  diminished  by  the  constant,  0".01. 
Thus  instead  of  eq.  (40).  A.J.  4<h">.  we  have  as  the  result  of 
the  present  discussion 

x  =  >\  sin  (t-  fj)  0  +0.095  sin  (©-308) 
y  =  >\  cos  (t-Tje  +0.110  cos  (©-     3) 
where 

T1=  2412G46  +  427.0 E-  0.08  A'-' 

0  =  0°.S43  +0°.000316-E 

r1=  D". I-.-,  +0".05  sin (241 4363 -t)  .  0°.015 

The  epoch  for  /-,  has  been  changed,  for  i  ce,  from 

L865  to   1898  by  one-half  period  of  the  argument  of  the 
Eunction. 

Taking  the  differences  of  these  values  of  x,  y,  from 
those  heretofore  used  we  see  that  the  differences  are  nomi- 
nal excepf  for  the  epoch  '/',.  Thus  if  we  suppose  the  epoch 
corrected  by 

ll\  =  +8J  +  ld.8  E 

the  remaining  differences  are,  nearly, 

I,  o'.OlO  sin (t-TJO  +0*008  sin(Q-2! 

dy  =  -0.010cos(t   -T^e  +0.005 cos (O-     0) 

[f  we  ignore  these,  th<  babli  oi  ;  oordinates  and  lati- 
tude-variations, for  1893-98  published  in  A.J.860,  392  and 


426,  may  still  be  used  by  entering  them  with  tl. 
of  the  ol  dnished  by 


in  L893 
10  "  ••  L894 
12    "      ■■   L895 


13  davs  in  1896 
L5  ■  "  1897 
17     - 


The  values  of  s,  y  or  q  —  <r0  thus  found  will  generally 
not  differ  more  than  n".nl.  never  more  than  0*.02,  from  the 
revised  formulas ;  differences  which  are  within  the  uncer- 
tainty of  the  determinal  ion. 

Acompari  ■   revised  elements  with  t 

i      .   /,  in  which  they  are  founded  give  the  follow- 
ing deviations,  O— C,  expressed  in  hundredths  of  seconds. 


1350 

1850 

2350 

.'-.-," 

:;:;:,.. 

3850 

to 

to 

to 

to 

to 

1800 

2300 

2800 

3300 

3800 

4150 

Jx       Jy 

Jx 

Jy 

Jx    Jy 

Jx     Jy 

Jx       Jy 

Jx    Jy 

-2     +6 

(  +  3) 

-1 

+  2       0 

-1    -1 

-3    +5 

0  -2 

+  1     +5 

+  1 

-4  +1       0 

0  -3 

-1     +4 

-1   -2 

■f-2     +3 

-1 

-4  -1       0 

0  -4 

+  1     +2 

. 

+  1         0 

_2 

-1      0       0 

0  -3 

+  1     +1 

-:;  +:; 

0     +1 

0 

-3     0  -1 

0   -1 

-1        0 

-4  +6 

-1         0 

+3 

+2     0    -2 

+  1    -1 

-1        0 

- 

—2     +  5 

+  4 

—2     0   —2 

+3   -1 

-2        ii  - 

-1     +8 

+  4 

-  2  +  1       0 

+2   -1 

0        0        .    . 

(+1)  +3 

+  3 

_1      ii       ii 

+  1   +1 

(    0)   -2        ■    ■ 

(  +  3)   +2 

+  3 

-10       0 

-2   +4 

-        •    ■ 

The  square-root  of  the  mean  square  is  ±0".01S  f"i     / 
and  ±0".028  for  dy.     The  mean  deviation  in  distance  be- 

ed   ami   computed   point  of  the  cm 
±0".034. 

The  deviations  in  this  table,  although  small,  have  a  sys- 
tematic character,  which  is  due  largelj  to  t lie  fact  that  we 
have  used  the  mean  elements  of  the  annual  ellipse. 
garding  the  progressive  difference  in  the  annual  values  if 
Landed.  If  we  assume  an  annual  changi 
such  as  the  observed  values  apparently  show,  we  can  repre- 
sent the  corresponding  differences  in  x  and  y  approxi- 
mately by 

./.-■=     o'.005+o!o04   •     I894)sin0     :         1894) cos© 

dy=*  -0.005+0.007  \i     L894)cosG    I         1894 

It  these  be  subtracted,  the  deviations  of  the  tabli 

greatly    improved,   and    the    mean    errors    above    given    are 

reduced  to   i  0"Jjl7,    t0*.023  and  ±0*029,  n  S] 

te   whether,  during    18!'S  and 
L899,  the  deviations  of  observations  from  the  element 

form  to  these  d itlel'ellt ia!  expl.     gj      ,.        ](    a0  it  will    afford 

evidem  b  ;i  hypothetical  alteration  of  /-  i 

is  still  in  progress. 

In  conclusion  1   beg  to  make  some   remarks  which 
an  important  bearing  on  the  general  nature  of  the  phenome- 
non we  are  disoussing.     It  is  to  be  remembered  tl 
computed  trajector]   oi    the   polar   motion,  exhibited 
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eight  on  plate  II,  is  not  the  curve  of  the  revised  elements 

of  this  paper,  wh  sonfoi  m  much  more 

oearly  to  the  curve  of  observation  on  the  left  hand  —  but 

.11  tic in  the  formulas  determined  five  years  a 
which  all  the  constants  of  the  128-day  term  were  derived 
from  the  observations  from  L825  to  1890,  while  the  obser- 
vations of  1890  to  1893  were  used  only  to  find  the  con- 
stants  of  the  annual  term.  This  curve  is,  therefore,  in  a 
nol  improper  sense,  one  of  prediction  during  its  whole 
course,  and  it  is  absolutely  so  from  L894.0  to  t  hi'  present 
time.     This  being  so  it,  would  seem  thai  comparison  with 

the  observed   curve   would  lead   bo  th< nviction  of  the 

truth  of  the  theory.  If  this  demonstration  is  not  close 
enough  to  satisfy  some  who  incline  naturally  towards 
strong  conservatism,  and  whose  minds  do  not  readily  open 
to  the  admittance  of  new  truth,  I  trust  that  they  will  take 
the  trouble  to  compute  the  curve  from  the  revised  elements 
of  this  paper,  which  of  course  satisfy  the  observed  curve 
much  more  nearly,  and  again  make  the  comparison.  Should 
1 1 1 1 •  \  still  remain  sceptical,  then  indeed  no  further  argu- 
ment would  avail.  That  the  demonstration  is  geometrical 
rather  than  dynamical  can  in  no  wise  affect  its  force,  and 
whoever  desires  to  await  a  proof  of  the  theory  based  on 
dynamical  principles  must,  it  is  feared,  wait  a  long  time. 
Assuming  it  to  be  granted,  then,  that  the  earth's  axis  is 
subject  to  a  composite  motion  arising  from  a  uniform  circu- 
lar revolution  in  428  days,  and  a  very  eccentric  centra] 
elliptic  motion  obeying  the  law  of  proportionality  of  times 
to  areas  about  a  mean  position  on  the  earth's  surface  —  the 
important  question  arises  whether  it  follows  this  law  exactly 
or  only  approximately.  As  to  this  it  is  to  be  remarked 
that,  since  the  theory,  as  above  shown,  represents  obser- 
vation within  ±0".03 — a  quantity  that  includes  accidental 
as  well  as  probable  systematic  errors  of  observation,  and 
also  errors  in  the  numerical  constants  adopted  in  the  ap- 
plication of  the  theory  —  the  theory  can  be  accepted  as 
exact  within  the  limits  of  possibilities  of  observation. 
Further  than  this  legitimate  inference  cannot  go,  and  any 


assumption  thai   it   is  uol  literally  exact  is  purely  gratui- 

tving greater  force  than  the  conl  rary  presumption, 

in  view  of  our  absolute  ignorance  of  the  operation  of  the 

forces  thai  control  the  phenome 

This  juncture  is  as  fitting  an  opportunity  as  will  perhaps 

i    for  a    remark    which    circumstances   seem   to 

require.  The  geometrical  theory  we  are  discussing  has 
been  frequently  described  as  empirical.  So  far  as  by  this 
is  merelj  meant  that  it  rests  directly  on  the  experience 
..I  observation,  and  is  not  a  deduction  from  principles,  the 
description  is  perfectly  correct  and  unobjectionable.  But 
itigma  that  commonly  attaches  to  the  word  empirical 
is  also  here  implied,  the  reproach  loses  its  significance  when 
we   consider   what,   manner   of    principles   this  '•' empirical  " 

th y  disregards.     The  rigid,  homogeneous  globe  that  so 

long  stood  as  the  basis  of  th thodox  I  heory— a  stumbling- 
block  in  the  path  —  has  been  swept  away  by  the  inexo 
logic  of  fact,  and  theory  is  now  fumbling  for  a  new  set  of 
hypotheses  on  which  to  erect  a  better  structure.  Theory, 
being  but  a  mechanical  interpretation  of  assumed  con- 
ditions, is,  in  its  present  state,  merely  a  formulation  of  our 
ignorance  of  real  conditions  —  empiricism  organized  into  a 
system.  In  this  pass,  what  does  common-sense  suggest? 
Obviously  a  geometrical  theory  correctly  reared  on  the  facts 
of  observation.  This  is  what  I  have  tried  to  construct, 
and,  in  view  of  the  outcome,  I  see  no  less  reason  now  than 
when  I  began  these  investigations  eight  years  ago  to  ignore 
all  dynamical  ideas  as  to  the  earth's  rotation,  as  a  false 
beacon  that  is  liable  to  wreck  inquiries  as  to  the  truth,  as 
it  had  done  up  to  that  time ;  nor  any  reason  to  be  deterred 
by  the  slur  of  empiricism  from  clinging  to  the  rule  then 
adopted  of  following  implicitly  the  guide  of  the  observa- 
tions, regardless  where  they  lead,  no  matter  what  con- 
clusions may  be  encountered,  drawn  from  dynamics,  whose 
canons  may  rule  the  imaginary  earth  of  its  theory,  yet  be 
ruthlessly  disobeyed,  as  they  have  heretofore  been,  by  the 
actual  one. 


ELEMENTS   AND   EPHEMERIS   OF   COMET  K  1898  (pebbine), 

By  C.  D.  RERRINE. 


Using  the  Mount  Hamilton  observations  of  September 
12,  17  and  22.  I  derive  the  following  system  of  elements  : 


1S98  October  20.53478  Gr.  M.T. 
1898.0 


a)  =  162  26  8.3 
3  =  34  55  37.5 
i  =     28  51  27.2 


'.i..;22i.;ss 


Eesiduals  (O-C). 

z/A'cos/3'  =    +0".4         JfS'  =    -   1".0 

COXSTAXTS  FOK  THE  EQUATOR  OF  1808.0. 

x  =  ;•  [9.9S2752]  sin  (283°  53'  7".9  +  n 
y  =  r  [9.846710]  sin  (210  48  53  .4+ v) 
x  =   r  [9.882722]  sin  (179    48    12.1  +  r) 
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Ephejieris  for 

True  a 


Greenwich  Midnight. 

True  8  log  A 


Apr.  30.5 

Oct.      2.5 

4.5 

6.5 

8.5 

10.5 

12.5 

1  1.5 

16.5 

18.5 

20.5 

22.5 

24.5 

26.5 

28.5 

30.5 

1.5 

3.5 

5.5 

7.5 

9.5 

11.5 

13.5 

15.5 

17.5 

19.5 

21.5 

23.5 


Nov 


1 

17 
38 


11  26  39 
39  38 

11  52  38 

12  5  37 
is  36 
:;i  ;;.-, 
11  :;.-. 

12  57  37 

13  10  41 
23  49 
37 

13  50 

14  3 
17  3 
30  33 
44     7 

14  57  46 

15  11  30 
I'.",  is 
39     9 

15  53     3 

16  6  56 
20  49 
34  38 

16  48  22 

17  1  57 
15  21 

17  28  32 


+ 


+ 18  0.3 
1.-,  53.7 
13  40.2 

11    19.7 
s  52.8 

6  19.9 

3  41.4 
0  58.7 

-  1  47.6 

4  35.9 

7  24. <; 
10  11.9 
11'  .-,6.11 
15  34.9 
18  7.7 
20  32.9 
22  49.7 
24  57.7 
26  56.8 
2.s    If,;, 

30  27.0 

31  58.0 

33  19.9 

34  33.0 

35  37.5 

36  33.9 

37  22.4 
-38     3.5 


0.1  12 

0.138 
0.138 
0.1  in 
0.144 
0.149 
0.154 
0.159 
0.166 
0.173 
0.183 
0.194 
0.210 
0.221 


Br. 

2.96 
3.70 
t.68 
5.76 
6.66 
6.93 
6.37 
5.28 
4.13 
3.16 
2.41 
1.85 
1.42 
1.13 


1898 

Nov. 


1'.,.., 
27.5 
29.5 


True  a 

17    II    29 

17  7,1      9 

18  6  30 


True  o 


-38  37.8 
39     5.6 


Br. 
0.71 


Brightness  at  discovery  =  1.0. 

The  comet  passes  the  sun  in  a  on  October  22, 
comes  an  evening  object.     Owing    to    its    brightness,  the 
comet  should  be  visible  in  considerable  dawn  before  con- 
junction, and    Bhould    again   become    visible    t 
observers  about  the  first  of  November. 

Owing  toil  VLercury  for  some  days 

near  the  comet's  perihelion,  it  will  be  desirable  to  obtain  a 
good  series  of  observations  in  Novell 

On  October  28,  Mercury  and  the  comet  will  have  the 
same  longitude  and  distance  from  the  sun,  but  owing  to  a 
difference  of  latitude  of  8°.2  will  be  about  six  million  miles 
apart  in  absolute  distance.      For  a  ••  two 

bodies  will    be  within  six  or  eight  million  miles  of  each 
other. 

The  con.et  has  increased  rapidly  in  brightness  since  dis- 
covery. It  is  now  just  visible  to  the  naked  eye,  and  the 
tail  is  much  more  distinct.      A    nucleus  I  i.  and 

is  now  about  9th  magnitude.     Although  sharp  and  well  de- 
fined, it  is  not  quite  stellar. 

Lick  Observatory,  University  of  California,  1S98  September  27. 


OBSERVATIONS   OF  ASTEROID   DQ, 

HADE    AT    I  III:    SAVRE  OBSERVATORY,    SOUTH    BETHLEHEM,    PA., 

liv  JOHN   H.  OGBURN. 


1898  Bethlehem  M.T. 

* 

No. 

Planet 

-* 

Planet 

Apparent 

Ja 

JS 

a 

1            ° 

for  a 

for  8 
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10 
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3 
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11 
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4 

10 
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+  2  55.8 
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-6  20 
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12 

8  34  on 

4 

1  1  .  f, 

-0     4.12 

+  2  44.2 

in   12   15.91 

-6  l'u    19  . 

13 

8  30  23 

0 

12  .  6 

+  0  35.08 

-()     9.2 

2ii    11   55.11 

-6  21     3.9 

-    ■ 

16 

8  58  37 

6 

s  .  ;, 

+  1     ( ;..v, 

-2  26.5 

20  39  39.80 

-6  21   26.0 

7.904 

0  806 

17 

8     t  12 

6 

9  .  6 

+  0  30.03 

-2  30.9 

l'ii  :i'.i     3.27 

6  21   ::".l 

s  so.', 

0.807 

18 

7  .-,.",   15 

6 

16  ,  5 

-0     4.61 

-2  28.7 

20  38  28.62 

-6  21  28.2 
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Mean  Places  for  1898.0  of  Comparison- Stars. 
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8 

Red.  i,' 

• 

* 

a 

app.  place 
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Authority 

1 

20  :,i»     2..V.1 

+  l*:;f, 

-6  27,  25.3 

+  18.5 

\  i  Munich  1  1  2  Munich  11., 

2 

20  46  37.25 

+  4.34 

_6  is  56.5 

1  L8  3 

1  (Munich  1  1  2  Munich  11.) 

3 
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+4.33 
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+  1S.0 

!  |  Munich  I  •  2  Muni 

4 
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+  4.32 

-6  23  52.0 

+  18.0 

Munich  II.  L0832 

o 

20   11    1.-..7I 

+  4.29 

-6  21    L2.6 

+  17.9 

Munich  1.  2 

6 

20  38  29.01 

+4.23 

-6   19   17.2 

j 

+  17.7 

Munich  I,  25746 
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OBSERVATIONS  OF  COMET  h  1898  (pjsbbinjc), 

M  \  |,i.     m     i  in     LICK    OBSEKVATOBY,    DNIYXB8IT1    "I     '    \l  II  "KM  \.    WITH    I  III     12-INCH    BQ1    \  loi:i  \|  . 

Bl    C.   D.    PERRINE. 


1898  Mi.  BamlltonM.T. 

* 

No. 

1    on,|, 

i  -* 
la                    iB 

<k's  apparent 
a                         8 

logp* 

for  a      |     for  S 

Sept.  12     L6  5lm33 

l::     16  11  22 
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3 
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L  2  ,  8 
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-7  30.0 
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9  47  36.85 
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+30     4  56.7 
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1  2  5 
-12.6 
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Lr\  ilen  A. (J.  Zones  1  7  and  286 
|-(LeydenA.G.  Zones  17  and  172+Brus 

\.r\  den   \.«  r.  Zone  1 1 

W56) 

NOTES. 

The  head  of  the  comet  is  round,  about  5'  in  diameter  and  lias  a  bright  condensation  at  the  center,  but  I  have  seen  no  stellar  point  in  it. 
The  brightness  of  the  head  is  about  equal  to  that  of  an  Stb  magnitude  star.  A  slender,  faint  tail  can  be  traced  with  the  12-inch  equatorial 
for  about  }  ,  in  position-angle  306°.8.       d  indicates  that  J«  was  measured  with. the  micrometer. 

Lick  Observatory,   University  of  California,  1898  Sept.  15. 


m:\v  asteroids* 

Prof.  Kbbutz  communicates  the  discovery  of  three  new  asteroids,  at  Heidelbert 
and  third  by  Wolf  and  Schwassmann. 

DR  11*0  1898  Sept.  11  11  I'.i'.'o  Kbn.-Heid.  M.T. 

DS  11.0  11  U  19.0     » 

DT  12.0  13  10  10.0     " 

«         «  15  10  44.0     " 


EPHEMERIS   OF  ASTEROID   DQ* 

By   A.   BERBERICH  (Supp.  to^l.iV.  3520).     For  Berlin  Midnight. 


1.  M.T. 

a  =  23  47  28 

S  =  +0  21 
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6     3.7 
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(5     0.0 

14.5 

tO  27 

5  55.8 
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11    7.(1 

5  51.2 

18.5 

43  22 

:.  46.1 

20.5 

45     2 

5  40.6 

22.5 

20  46  51 

-5  34.6 

0.2203 


0.2153 


0.0103 


0.0351 


the  first  by  Wolf,  and  the  second 


-36',  southward  24' 
-30',  southward  4' 


log  A 


Oct.  24.5 

20  48  48 

-5  2S.0 

26.5 

50  53 

5  21.0 

28.5 

53     5 

5  13.5 

30.5 

55  24 

5     5.5 

Nov.    1.5 

20  57  50 

1  56.9 

3.5 

21     u  22 

4  47.8 

5.5 

3     1 

4  38.3 

7.5 

21     5  46 

-4  28.2 

0.2100 


0.2043 


imOm; 


0.0805 


VARIATION   IN   THE   AWDBOMJSDA-NEBJJLA* 

Mr.  Ritchie   communicates    a   dispatch    from  Dr.  Kreutz,    of   Sept.  20,  as  follows:     "Seraphimoff  (Pulkowa) 
confirms  a  stellar  condensation  in  the  center  of  the  Nebula  in   Andromeda." 
*  From  Astronomical  Journal,  No.  445. 
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MICROMETRICAL  MEASl'KllS   OF    DOUBLE    STARS, 

MADE     \  l     I  III.    I  M  K    0BSEBVAT0E1  . 

Bl    E.   E.   BARNARD. 


The  following  measures  of  double  stars  were  made  with 
the  36-inch  at  the  request  of  Mr.  Bubnham.  Several  of 
the  stars  were  also  observed  at  the  requesl  <>t  Dr.  Si  i 

In  several  cases,  the  star  has  been  observed  on  one  night 
only.  It  has  been  thought  best  to  print  these,  though  it  is 
to  "be  regretted  that  more  observations  were  not  obtained 
of  them. 


In  several  cases  it  has  been  possible  to  measure  the 
v,  lien  the  distance  could  uot  be  measured.  This  \t 
eat cd  by  a  blank  in  the  distance  column. 

No  magnitudes  have  been  assigned  to  the  known  b1 
The  position  of  the  stars  refer  to  the  epoch  1880,  which 
is  that  employed  by  Mr.  Buknham  in  all  his  work. 


/3  232. 

a  =  0h  43m  38"  ;  8  =  +49°  59' 

A  and  B 


1892.845 


319.7 


0.62 


y  C<issio2>eae  =  B  1028. 
a  =  0I'4S'"508  ;  8  =  +60°  1' 

A  and  V, 
1894.763         254.2        2.04 
.766  252.7         2.24 

.802  254.2         2.38 


1804.78 


253.7         2.22 


B  1099  =  B.A.C.  255. 
a  =  0"  49'"  03s  ;  8  =  +59°  43' 

1894.706  291.8  .    . 

.711  290.6  0.10 

.725  288.1  0.09 

.763  287.3  0.08 


1894.72 


289.5 


0.09 


c/>  Andromedae.  =  0.T515. 
u  =  l1'  2m80'  ;  8  =  +46    36' 
1894.633  61.4         0.16 

.ssl'  63.4         0.22 


L894.76  62.4        0.19 

\  erj  difficult. 

DM.  3*184  (New). 

a  =  1">  VI'"   1(1     ;   S    =  +4°  1' 

1894.566  10.9        1.36 

This  is  ;i  new  pair  found  while 
obsen Ing  Mm*,  it  is  given  as 
8*.8  iii  DM. 


"2' 31. 
1>>  26"'  59»  ;  8  =  +7°  30' 


ls'.n.sm 

.843 


79.4 
79.2 


1894.84 


79.3 


4.23 

l.i  is 

1 . 1  5 


48  Cassiopeae  =  /3  513. 
a  =  lh  52'"  7"  ;  8  =  +70°  III' 
1893.000  316.6         0.65 

/Hi'         :;L7.s        0.66 


1893.47 


322.2 


0.65 


y  Andromedae  =  0238. 

a  =  lh56'"32»  ;  8  =  441     16 

B  and  C 


1893.709 

124.0 

0.15 

.82 1 

122.8 

0.10 

.942 

118.5 

0.16 

1893.82 

121.8 

0.14 

1894.553 

lL'L'.S 

0.1  1 

.556 

121.5 

ii. 1  1 

.57:; 

120.4 

0.17 

1894.56 

L21.6 

0.15 

1895.55(1 

117.1 

0.16 

.589 

120.1 

0.18 

.."■'.'1' 

1  L7.6 

0.20 

.608 

117.6 

0.21 

.744 

120.4 

0.17 

L895.62 

1  18.6 

(MS 

The  small  Btar  was  noted  to  be 

SOUtb  follow  in 

j. 

-Arietis,  .".07,  =  ,3  306. 
a  =  21'  36'"  52s  ;  8  =  +25°  8' 


L892.840 
.845 

.859 


18.5  3.10 
19.2  3.10 
18.9        3.12 


1892.85 


IS. '.I 


3.11 


20  Persei  =  0520. 

a  =  2>>  40"'  '>   ;  8  =    | 
.1  and  B 
1S93.H58' 
1895.703  77°.91essthan0".10 

.7111 

'  Posslblj  elon 
and  follow  Ing. 

ongation  uncertain. 

0262. 

a  =  S*  88m  10-   ;  8  = 

1895.668         100.2        0.24 
.(171  ldl.1         0.24 


1895.67 


Inn,; 


0.24 


■'    -    ;  8  =  +28    it'' 

1892  and  1898  examined  i  are 
Cully.     No  elongal  Ion 

.  17.  when  with  tirst"- 
elass  seeing  and  certainly  Identl- 
fled  it  was  perfectlj  round  « iili 
the  bighesl  powers. 


a  Tauri  =  /81031 

a  =  4h  29'"  2»  ;  8  =  -f 
CandD 

1892.802  276°.0         2  I  i 

.807  279.5        2.10 

.824  277.9         2.09 


1892.82 


r.8 


2.11 


B8S3. 

a  =  4h  44'"  88"   :  8  =    - 

A  and  B 
1894.649  17::..-.        0.20 

.i\i\s  176.8 

.671  178.7         0.16 


L894.66 


L76.3 


0.19 


a  =  41'  4o'"  3'  ;  8  =  +18 

1894.879  L79.9        0.37 

.882  17  1.L-         i  (.11 


1894.S8 

177.1' 

((.|u 

26 

e  =  B 

240. 

a  =  ;> 

■  8  = 

+80°  •- 

.1  and  B 

.843 
862 

352.6 
354.2 

c 
0 
0 

23 

L'l 

2  1 

1892.84 
1893.942 


354.2 
342.fi 


0.16 

(113) 


II I 
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Procyon. 

a  =  7"  88m  1'  ;  8  =  +:. 

1894.151         :;:;:.  I      54.52 

.153         336.9      54.15 

.189         337.5      54.33 

.192         337.2      54.39 


1894.17 


337.2       54.35 


L894.802  337.5  54.89 
.sni  337.6  55.13 
.807  337.5      55.14 


1894.80 


337.5      55.05 


9  Argus  -  /S 101. 

0  =  7"  16m  18    ;  8          18  85' 

1893.920  278.9  0.52 

.939  v    285.8  0.40 

.961  281.6  0.40 

L894.153  282.8  0.37 

.189  280.8  0.48 

.192  282.4  0.42 

.824  287.5  0.61 

.840  288.2  0.64 

.843  287.5  .    . 

.859  289.4  0.57 

.862  283.7  0.71 


1S1U.37 


284.1         0.51 


L895.170  285.0  0.58 

.186  286.1  0.53 

.225  285.0  0.62 

.244  283.5  0.66 

.285*  287.6  0.54 


1895.22 


285. 1 


o.r.s 


/jr.si . 

a  =  7"  -.7'"  44«  ;  8  =  +12°  38' 

1893.920*         85.2         .   . 

.945f  86.9  0^55 

1893.93  86.0        0.55 

•  Seeing  very  bad. 

j-  Seeing  verj  fine. 

On  Decembers,  there  is  a  note, 
•■  \  \fi-\  faint  nebula  3'  ipreced- 
ing." 

I  Canm  and  01243. 

a  =8h5m208  ;  8  =  +18°  1' 

Difference  of  Declination. 

1894.151  103.78 

.153  103.93 

.189  103.87 

.192  103.80 


1894.17 

L895.09  I 
.096 

.128 


103.845 

103.84 

104.00 

in.". 77 


1895.10  103.870 

These  measures  are  corrected 

for  refraction. 

/3  1243  is  north  following. 


01243. 

a  =  8"  7'"  19"  ;  8=  +18    2' 

1894.151  342.8         l. in 

.153         343.7         L.36 


L894.15 


343.2         1  38 


o  I  i  ae  Majoris  =  0  L061 . 
a  =  8"  20'"  17"  ;  8  =  +61    7' 

L895.093  195.5        7.27 

096  L93.3        7.03 


L895.09 


194.4 


L5 


The  companion  baa  the  same 
proper  motion  as  the  large  star. 

m  Leon  is  =  2 1  356. 

a  =  9h  22'"  2"  ;  8  =  +9°  85' 

L894.862         106.9        0.94 
.879  107.1         0.94 

.ssi'  108.2        0.96 

1H7.1      *  0.95 


1894.87 

a  l  rsae  Majoris  —  0  1077. 
a  =  101'  56-  19"  ,  8  =  +62°  24' 
1893.055         310.2        1.10 

.928  307.7     »    0.97 

1893.49  308.9         1.03 

02  234. 

a  =  11''  24'"  20'   ;  8  =  +41°  57' 

1894.821  120.8         0.20 

.824  121.0        0.19 

.840         123.4         0.24 


1894.83 


121.7 


0.21 


,8  003  =  B.A.C.  3992. 

a  =  11"  42'"  28s  ;  8  =  +1  I   57' 

1894.843  324.3         1.27 

.859  325.1         1.05 


1894.85 


324.7 


1.16 


.£3123. 

a  =  12"  0"'  0s   ;  8  =  +69°  22' 
A  and  B 

1895.093  5.6  0.26 

.096  13.6  0.30 

.131  13.7  0.35 

.17D  14.6  0.35 

.186  14.9  0.28 

.225  1  1 .8  0.25 


1895.15 


12.2         0.30 


A  B  and  C  (new  star) 
1895.096  312.8         2.91 

.148  310.5         2.78 

.170  312.8         2.94 


1895.10  312.0         2.88 

The  star  C  was  discovered  Feb- 
ruary 5,  1895.     It  is  about  16H. 


02286. 

u  =  12"  50"'  17"    ;  8  =  — 0°  18' 

L894.879  72°.3         L.06 


68.6 


0.83 


1894.88 


70.4 


0.94 


DM.  16°2448  (Ni 

u  =  12"5G"':J1-  ;  8  = 

L895.302    II.:;  2.97  9.5  9.8 

tn   Venal .  —  l  I  768. 
a  =  13"  32'"  7"  ;  8=  +36  54' 

L895.093         132.5  1.39 

.096         133.3  L.26 

.131          L31.9  1.40 

.17(1          135.5  1.06 

.186          L36.6  0.97 

.225          130.3  1.22 

.266          L28.0  L.34 

.285          L32.3  1.03 


L895.18 


L32.5        1.18 


0612. 

a  =  13*  33m  40-   ;  8  =  +11    21' 

1894.057         202.9         0.33 

.074  202.8         0.28 

.153  2i '7.6         0.30 

.189  208.8         0.39 


L894.12 


207.4 


0.32 


y   C'nnillllP  linri'llUs  —   2VM"t~ . 

a  =  15"  37'"  42"  ;  8  =  +26   41' 

1894.534          L22.2  .    . 

.553         122.6  0.56 

.573          121.2  0.63 

.575          120.1  0.63 

.592          120.3  0.59 

L895.473          122.3  0.66 

.608          118.1  0.54 

.666          127.0  0.75 

.668          124.5  0.59 


ls-.t5.o3 


L22.0         0.62 


c  Coronae  Borealis=A..G.C7 

a  =  15"  52'"  37"  ;  8  =  +27°  14' 

1895.666  350.2        1.91 

.668         349.5         2.01 


1895.67 


349.8 


1.96 


ZHerculis  =  2,2084. 

a  =  16"  30'"  47'  ;  8  =  +31°  49' 

1894.496  47.2         1.28 

.499  1=2.7         1.30 

.515  41.6         1.15 


IS!  I  1.50 


43.8 


1.24 


a  1 5. 
a  =  16'  i"    L2    ;  8      +4 

L895.244  339%         0.63 

,266         338.9        0.60 
.282         340.6        0.63 


L895.26 


339.6 


0.59 


£2106. 

a  =  16*  l-V  24"  :  8  =  +8  87' 

1895.302    311.1 

.304    312.0    0.36 


L895.30 


311. 


o.:;7 


-  Herculis,  167,  -  £2107. 

a  =  16*  I7!i  :,    ;  8  =  +2-   52' 

L895.329         300.9         .    . 

.266         301.4        0.35 

.I'M'  288.9         0.37 

.285  293.8        0.37 


L895.29 


296.2 


0.36 


ii.  Draconis  =  ji  1 088. 

a  =  171    2'"  51'   :   8  =  +51    38' 

B  and  0 

1895.20:;         190.7  12.46 

.268  191.6  12.22 

.304  1 '.ii  i.i  i  12.39 


lS'.t5.2S 


l'.io.S        12.36 


a  //■  rculis. 
a  =  17*  !>'"  in-  :  8  =  +14°  32' 

A  and  B  (S2140) 
L895.455  114.6         5.02 

A  an d  (    (A.  G.  Clark) 
1895.455         334.4       23.53 

0  416. 
a  =  17"  10"'  47s   ;  8  =  —34    51' 

A  and  II 

1894.307          336.0  1.38 

.610          336.5  1.26 

.613          334.0  1.27 

.633          332.5  1.42 

.649          333.6  1.29 


IS!  l  1.50 


334.5         1.30 


A  and  C 
1894.613  L29.4 


30.01 


2  2145. 
u  =  17"  11'"  47-  ;  8  =  +26c  43' 

A  and  11 
L892.802*         49.9       0.4± 
.807  50.2       o.40 

.838  49.0       0.43 


49.7 


0.41 


1892.81 

*  Distance  estimated. 

This  star  was  discovered  by 
H.  C.  Wilson  at  Carleton  <  !ol- 
lege  Observatory  with  the  lti-in. 
Brashear  Refractor. 
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02327. 

a  =  IT1'  11"'  53'  ;  8: 


+56    16 


1895.342 
.362 


130.5         0.33 
135.1         0.27 


1895.35 


132.8 


0.29 


26  Draconis  =  0962. 
a  =  17h33m44«  ;  S  =  +61c  4-' 
1894.189  102.7         0.58 

/j.  Her  cults  =  A.( '.  7. 

a=  IT1' 41"-  47-   :  o  =  +l'T     1- 
Band  C 


L894.189 

36.6 

1.44 

.192 

38.3 

1.46 

'"'7 

38.1 

1.51 

.269 

38.0 

1.37 

.288 

41.6 

1.39 

.307 

39.5 

.:;-:; 

38.0 

1.50 

.383 

3S.8 

1.20 

.403 

40.8 

0.73 

.479 

40.4 

1.40 

.496 

44.8 

1.38 

.499 

42.5 

1.38 

.515 

11'..-. 

1.44 

r.i'.i 

43.4 

1.24 

1894.37 


10.2 


1.32 


Small  Double  Star  (New) 
8    5 

a  =  17h  45m   ;  8  =  +23°  50'± 

1895.359  239.5         1.26 

99  Herculis  =  A.C.  L5. 

o  =  18h  2'"  2S!  ;  8  =  +30-  33' 


1895.381 

.116 
.419 
.438 
.458 

.i;,;s 

1895.46 


310.9 
307.2 
315.9 
308.2 
307.3 
::u7.7 


1 1. '.17 
1.12 
0.90 
1.18 
1.07 
1.02 


309.5 


1.04 


Double  Star  in  Nebula, 
a  =  18'  2"  37'   ;  8  - 

.!  and  /;  (Nen  |     nr'-i2>' 
1894.592  186.3        5.08 

.594  183.9         5.Ki 


L894.59 


185.1 


5.09 


A  and  <•  ill.  5026)     10M-13M 
L894.592         140.0      34.13 
.594  140.0       34.17 

1894.59  140.0       34.15 

II  i  bsi  ii  i.i.     gives     estimated 

angle  of   A.c.  =  I80^fc,    bul  no 

distan r    magnitudes,    with 

note.  ■■  i  loarse  double  in  a  neb." 
There  are  uo  other  measures. 


0133     8  .5  -  .5. 
18h  20'"  15"    ;  8  =—  26     12' 


1895.458 


260.5 


2.10 


L34422(New)     9 

a  =  1-    29'    47    :  8  =  — 12°  5' 

1895.627  130.6         0.24 

.630  132.3        0.25 

.666  127.9         0.22 

1895.64  130.3         6724 

ignitude  in   S.DM.    is 
8«.2. 

Professor   Aitken  lias  meas- 
ured this  star  with  the 
L.O.     Following   are   his   meas- 
ures which   he  has  kindly  com- 
municated to  me. 

1898.430     ll'u.l  n.;; 

.482   125.3  0.34  8.5  9.5 
.506  124.9  0.27  8.5-9.5 

1898.473  123.5  0.32  8.7  '.'.:■ 
There  is  possibly  a  slight  retro- 
grade motion. 

—  Draconis  205,  =  0971. 

W     24     :   6  =  +4'.'    1-' 
L894.61 
.613f 
ogle. 
t  Single.     Slight    sus 
elongation  s.p.    ~> <  •  >  i  1 1  -^  fine.    Ex- 
amined with  520,  1000,  1500  and 
2600. 

£  S'it/i/t 
a  =  lSh  55'"  0»  ;  8  =  —30°  3' 
1895.610  L90.3        0.11 

.630  196.9         0.15 


193.6        0.13 


H.N.  126  -  B.A.C.6504. 


a  =  18h  57 

1895.589 
.592 
.608 
.610 
.627 
.630 


in    :  8  =  -  21     13 


332.5 
335.1 
332.4 
331  1 
331.4 


0.37 
0.34 
0.38 
0.31 
0.30 
0.40 


331.6 


0.35 


£  Aquilae  =  0287. 

a  =  IS1'  50'"  54-    ;    8  =  +13°  41' 

1894.383  57.0        6.1S 


0'  Capricomi. 

a  =  20*  14'"  2'   ;  8  =  — 15' 

L00.2 


1892.515 
.518 
.586 

1892.687 


L01.5 
102.9 
L04.6 


10' 
1.15 

1.17 

1.21 


01  Capricomi.  —  ('mit. 
=  2C*  14'"  i'-  ;  8  =  —15°  10' 

L05 
1.24 
L.19 

6.84 


1893.652 
.655 
.671 

I894.383t 
.499 


100.9 
107.3 
102.4 
104.0 
100.0 


1893.35  102.6        1.12 

"  Position-angle  with  12-inch. 
t  Too  poorly  seen  for  distance. 

This  star  »a-  discovered  by  me 
with  the  6-inch  of  the  Vanderbilt 
University  in  1883  through  a  pe- 
culiarity in  its  disappearance  at 
>;;on  by  the  moon. 

The  only  other  measures  are 

1884.59*  105.8        0.85 

L886.72f  109.6        0.83 

L888.66J  105.9        0.84 

1891.60§  108.0        0.91 

*  03  nights.  tHoi  ob  2  nights. 
t/3  4  iu_ 

0  Delphini  =  0151. 

:  S  =  +14=  11' 

A  and  /.' 

L892.865  338.0        0.55 

.879         :::;7.:;        0.43 


- 
.655 

.7'".! 

.728 
.766 


337.6 

340.9 
342.5 
340.8 
344.1 
342.8 


0.49 

N.  i '.i 
0.62 
0.50 
0.59 
0.61 


1893.70 
1894.342 

.441 
.499 

.515 
.534 
.5.".  7 
.553 


342.2 
344.4 
347.6 
::i7.:; 
346.9 
343.0 
349.6 
346.2 
345.7 


0.56 

(1.51 
(>.7ii 
0.48 

0.51 

0.5L' 
"."■7 


L894.51 
1895.342 

.11'.' 

.  155 

.17:; 
.1'.':; 


346.3 

;;i7.7 

348.0 
352.0 
349.9 

.-■17.2 


1895.48 


349.7 


0.56 
0.87 

I'  84 
0.57 

(i.,;,. 
0.49 


•ii  -  2T2729 


a  =  20*  45'"  4>  :  8  = 


L895.473 
.493 
.512 
.515 
.531 
.589 
.610 


192.4 
L92.1 
194.4 
192.4 
194.7 
[91.9 
L92.0 


0.27 

0.27 
0.27 
0.24 


192.8 


0.27 


DM 

.      52 

red  with 
the  12-inch. 

_ 
a  =21"  8"  38*  ;  8=  - 
A  and  Ji 

- 
21.5 


L893.86 


20.1 


0.20 


;  =  a. (,.«'.  13. 

=  21»  10m0«  :  o  =   • 


.782 
.804 


342.6 
347.9 


1894. 


:;44.4 


0.77 
1.02 

- 


0114". 

275.1         4.63 
.824  273.2         4.17 


L893.80  274.1 

igraph  with  the  Wii.- 
i.amd  lens 

be  involved  in  rather 
j  nebulosity. 

0  8;  - 

a  =  21h  14'"  51'   :  8  = 

1894.575  101.1         1.82 

2  27'."". 

-  58   S 
A  an 

12.7         4.39 
4.52 

4.45 
A  and  C(New)  15*. 

L83.1       15.35 

L83.6       15.72 
.71"  182.9       16.30 


-    - 


-    .       16.01 


The    last    two    mi   .  - 
made  with  the  40-inch. 

21  Aquarii  =  0  1212. 
o  =  21 


1894.612 
654 

.671 

.706 
L895 7ll 


265.2 
264.4 
266. 1 

.       - 


0.54 
0.55 
0.47 

0.53 
0  18 
0.51 


- 
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K  Pegasi  =  /J  989. 

0    12    :  8  -  +-'••.  6' 
.1  and  B 

13L0         0*20 


1892. 

L893.709 
.824 


L31.7 
L23  I 


0.23 
0.17 


1893.76 

1894.342 
.499 
.516 
.534 
.537 
.553 
.556 


127.5 

116.9 

117.1 
L20.0 
117.1 
118.1 
117.0 
116.1 


0.20 

6.22 

0.19 
0.16 
0.20 
0.19 

0.19 


is; 1 1.. mi 

L895.433 

.608 
.610 
.647 
.666 
.668 
IS05.00 


L17.6 

111.3 
106.6 

lo.-..:; 
107.5 
L08.3 

107.7 


107.8 

.1  II  and  0 


0.19 

0.19 

0.19 
0.18 
0.16 
0.16 
0.18 

0.18 


1895.436  300.8  12.13 

.438  301.0  12.13 

.512  300.6  12.40 

.515  300.3  12.2] 

.649  301.7  12.35 

.725  300.8  12.18 

.742  302.4  12.48 

.744  301.2  12.36 

1895.60  30L1  12.28 

v  Pegasi  =  ji  1144. 

a  =  22"  37"'  23"  ;  8  =  +29°  36' 
B  and  C 

1893.011  79.3  0.22 

.055  83.2  0.31 

.731  83.0  0.50 

.824  82.9  0.21 

.865  82.2  0.31 

1894.556  S0.4  0.30 

.57.".  82.8  0.48 

.575  86.9  0.47 

1895.744  80.2  0.20 


1894.06 


82.3         0.33 


ji  382  =  B.A.C.  7983. 
a  =  22"  4S'"  IS8  ;  8  =  +44D  7' 

A  and  B 

1892.880         220.3         1.00 

.884  225.5         0.94 

1893.731  225.3        1.10 

.766         225.7         1.12 

1894.610         225.1        0.93 

.613  219.4         0.94 


(8382=  B.  LC.7983.-Cont. 

a  =  22*  48'"  18-  ;  8  =  +44°  7' 
A  and  /; 


L894.630 
.633 


220.9 


l  09 
0.92 


1893.97 


226.0 


l.oo 


02'  536. 

a  =  22"  52»>  29"  ;  3  =  +8°  43' 

1893.728  341.0         0.25 

.731  344.5        0.30 

.865         350.6        o.22 


1S93.7 


345.4 


0.26 


L894.862  344.7  0.20 
.879  344.5  0.20 
.882         317.  s        0.23 


L894.87 


345.' 


0.21 


2  Piscium  (New).. 

a  =  22"  53™  18'  ;  8  =  +0°  19' 

189 1.50 1  92.3        3.78 

.602  95.2         3.94 

.725  95.4         3.77 

.785  92.6        3.64 

.802  O2.o        4.06 

1895.668  89.8        4.02 


lso  I. si; 


93.0 


3.87 


This  star  was  discovered  by 
me  with  the  12-ineh  of  Lick  Ob- 
servatory in  1889. 

The  following  observations 
have  been  obtained  with  the  40- 
inch  of  the  Yerkes  Observatory. 


1898.662 

.668 
.673 

94.4 
91.0 
93.8 

3.76 
3.61 
3.51 

1898.67 

93.1 

3.63 

Mr.  Hi  unmam's  measures  for 
this  object  are 

1889.57 ' 
1891.59f 

93.6 
92.6 

3.81 
3,27 

*  3  nights.     +  4  nights. 

There  seems  to  be  no  certain 
change  in  the  small  star,  which 
is  13".  It  has  the  same  proper 
motion  as  2  Piscium. 

*'  Aquarii  =  ji  1220. 

a  =  23h  9"'  35s   ;  8  =  —9°  44' 
B  and  C 

1 894.  (11 3  102.1  0.20 

.649  98.3  0.26 

.668  105.0  0.25 

.671  90.2  0.34 

.70(1  99.7  0.36 


1894.66 


99.1 


0.2S 


ji  79. 

u  =  23"  11'"  24-   ;  8  =  —2'  10' 

A  and  B 

L894.649 

.cos 

.071 
.700 


01.1 

1.10 

89.9 

0.86 

01.1 

1.10 

90.4 

0.99 

ISO  1.07 


0O.7 


1.01 


A  and  (7  (New)  L6J* 

1894.668  157.5        15.95 

.071  157.2        16.04 


ls'.U.o; 


157.3       16.00 


72  Pegasi  =  ji  720. 

a  =  23"  28"  0-    ;   8  =  +30    40' 

1893.922  152.7  0.46 

L894.359  154.4  0.30 

.362  153.6  0.34 

.010  151,1  0.36 

.613  153.6  0.34 

.040  153.6  0.37 


ISO  1.12 


153.8 


0.37 


85  Pegasi  =  ji  733. 
a  =  23"  55"'  5"  ;  8  =  +26°  27' 

A  and  B 
1892.879  165.4         0.73 

1893.917  173.6         0.92 

.920  172.8         0.96 

.942  175.6         0.77 


1893.92 


174.0 


0.88 


1894.499  1S0.3  0.86 

.515  177.2  0.80 

.534  178.0  0.87 

.553  LSI. 7  0.93 

.556  175.8  0.75 


lsoi..-.;; 


178.6 


0.84 


1S05. 173  188.6  0.75 

.589  1S9.1  1.03 

.592  191.4  0.83 

.608  193.0  0.84 

.610  188.9  0.81 

.630  186.4  .    . 

.666  189.9  0.68 

.oos  191.6  0.S7 

.703  188.0  0.96 

.712  193.7  0.73 

.744  194.9  0.77 


1895.64 


190.5 


0.83 


The  following  have  been  se- 
lected from  a  few  double  stars 
found  here  with  the  40-inch,  and 
are  given  now  as  possibly  being 
of  some  interest. 


/J  Andromedae     14". 
a  =  1»  3-n  1-  ;  8  =  +34°  59' 


1S0.1 

186.2 
186.8 

1S5.S 
1  S5.5 


28  12 
28.40 
28.55 
28.31 

28.29 


LS0S.05 


186.1       28.39 


y  Andromedae    15*. 

a  =  1"  56'"  32"  ;S  =  +41    4.V 

1898.668    214.1   27.78 
.7  10    244.9   28.10 


1  sos. 7ol 


244.6   27.94 


Capella     16*. 

a  =5"  7'"  50'  ;  8  =  +4.V  5i" 

1898.610  22.6  .  . 

.662  23.4  46.92 

.005  22.3  46.46 

.668  22.3  46.50 


1S0S.51 


22.6   46.63 


DM.  +32°3773  9"-9".5. 

a  =  20"  13'"  IS'  ;  8  =  +32'  49' 
A  and  B 

1897.682    197.1    0.26 

1898.668    201.0    0.25 

.670    201.7    0.27 


L898.34 


199.9 


0.26 


A  B  aniC    13* 

1897.682  257.4  .  . 

.690  260.8  2.91 

.731  257,1  2.93 

1898.673  256.7  2.87 

.720  257.5  2.64 

.71'  2  258.9  2.71 


Is:  is.  l'ii 


25S.1 


2.82 


This  star  is  near  and  preceding 
02  405,  which  was  also  seen. 

Professor  Aitkkx  has  secured 
the  following  measures  with  the 
30-inch : 


A  and  B     8*.l-8*.4. 
1898.40*  19S.4         0.31 

A  B  and  C 

1898.40f  15S.4        2.88 

*  3  Nights,    f  3  Nights. 


Yerkes  Observatory,  Williams  Bay,  Wis.,  1S9S  Sept.  27 
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OBSERVATIONS  OF  THE   SATELLITES   OF    >.l  77  7.W. 

MADE    WITH   THE   26-INCB     BEFBACTOB    OB    THE    I.EAMiEI:    UcCOBHII  K    OBBEBVATOBY, 


llv  HERBERT   R.  MORGAN. 


The  following  angles  are  each  the  mean  of  two  settings. 
The  distances  were  obtained  from  measures  of  doub] 
tances.     Corrections  have  been  applied  for  refraction. 


1898 
Aug.     6 


Aus 


Apr.  21 

June    6 


11 


July     1 


Aug 


15 


L6 


Apr.  21 

June  11 


30 


July     3 


Mimas-Enceladus. 

Eastern  Time  p  Eastern  Time 

h      m      s  °  h      m      8 

8     8     1         136.77  8   16  29 


8  29  20 


144.24 


Mimas— Dione. 

8  42  29  4'i.ii7 

9  5  23  43.01 


8  21   59 


8  52  53 
s  57  39 


Enceladus- 


13  11 
13  36 

9  45 
10  11 

9  31 

10  2 

11  34 
11  48 
11  24 
11  41 
10  3 
10  24 

8  34 
10  9 
10  36 
8  33 
8  56 
8  1 
8  30 
44 
8 
22 
45 
47 
L0 
4 
21 
4 
34 
46 


305 

310. 

63, 

60 

272 

27:: 

333 

337 

110. 

107. 

109. 

Ill 

71 

79. 

81 

236 

240, 

302 

303 

301 

302 

95 

96 

159 

164 

so 

79 
197 
205 
276 


Tethys. 
S9         13 


36 
35 

70 
04 
46 
71 
34 
19 
89 

Ml 

36 
03 
52 
39 
5S 
14 
18 
53 
21 
54 
00 
13 
72 
76 
09 
96 
77 
93 
43 
.81 


13 
10 

10 
9 
9 
11 
11 
11 
11 
10 
10 

10 
10 


to 

40 

58 
15 
15 
31 

9 
II 
53 
17 
13 
53 
12 
II 
13 
6 
I 

12 


/  Dionc. 


13  47    is 

I  I  22  56 
L0   is  24 

10  16   I  I 

II  9  36 

11  21  16 
9  ;;:;  30 
9  52  37 


5.09 
12.99 
134.59 
L38.42 
117.12 
118.73 
L51  53 
L56.28 


I  I     1   30 
14  11  33 

10  28  32 
K.  37     6 

II  L  5     2 

11  19  19 
•ill  17 
9   15  52 


23.77 
22.43 


J3.20 
22.10 


28 

28.64 

28 

2S.34 

27 

6.44 

14 

6.53 

14 

8.51 

26 

8.51 

59 

22.15 

24 

21.92 

38 

7.88 

58 

8.17 

47 

66.71 

37 

66.51 

12.68 
12.68 
27.92 

6.34 

- 

6  25 
14.92 
15.16 
34.89 
34.04 
•  18 
8.10 
20.32 
20  52 
69.17 
68.77 


35.58 
35.09 
34.78 
34.28 
33.59 

28.57 
28  88 


—  Cont. 


1S98 

Eastern  Time 

p 

Eastern  Time 

s 

b      > 

g 

o 

b 

B 

Aug. 

1 

9     8 

58- 

92.67 

9 

15 

10 

9  25 

52 

93.61 

9 

20 

20 

61.08 

5 

9  21 

.v. 

199.70 

9 

43 

27.11 

9    L0 

31 

2H1. IT, 

9 

32 

."•7 

27  58 

15 

8  36 

is 

11  1.56 

8 

43 

24 

32.48 

8  54 

19 

L15.61 

8 

18 

52 

32.01 

16 

8  52 

31 

208.30 

8 

59 

21 

9  15 

39 

213.57 

9 

5 

49 

_  -  •_ 

22 

8  in 

4 

277.21 

8 

15 

42 

S2     - 

9 

277.92 

8 

20 

22 

En,  i  lad 

Apr. 

21 

14  39 

26 

281.83 

14 

48 

13 

: 

15     1 

30 

282.00 

14 

53 

53 

July 

1 

11  50 

8 

169.47 

11 

57 

28 

21.58 

12     8 

15 

167.86 

12 

2 

21 

21.21 

3 

9  13 

24 

311.23 

9 

l'.i 

14 

33.11 

9  26 

go 

31  L.85 

9 

.... 

47 

33.19 

Aug. 

1 

9  37 

53 

106.77 

9 

11 

25 

\ 

9  57 

56 

107.37 

9 

51 

21 

'.mm:; 

6 

m  24 

25 

L05.64 

15 

9     1 

8 

1  13.00 

9 

10 

44 

42.45 

9   27 

52 

1  15  61 

9 

20 

30 

41.30 

22 

8  40 

6 

294  92 

8 

51 

IS 

72  B5 

9     6 

42 

296.45 

8 

57 

50 

72.55 

Mar. 

14 

15  12 

13 

68.43 

15 

21 

18 

15   16 

3 

71.13 

15 

33 

53 

25 

16  34 

11 

54.62 

16 

5! ! 

4 

- 

17  19 

19 

60.05 

17 

9 

47 

62.51 

Apr. 

12 

13     5 

38 

233.63 

13 

13 

33 

55.56 

13  29 

21 

236.70 

13 

20 

31 

56.15 

July 

25 

-     ; 

7.1 

215.43 

8 

11 

1  1 

8  22 

30 

218.93 

8 

15 

41 

\ 

3 

7  58 

51 

8.21 

8 

3 

53 

8  15 

29 

12   IS 

- 

• 

13 

13.66 

15 

9    19 

16 

130.71 

9 

5  5 

29 

21.78 

16 

9  31 

1  1 

199.37 

9 

36 

15 

• 

'J    17 

39 

201.11 

9 

to 

L9 

22 

9   16 

36 

269.44 

;i 

21 

20 

1  1.34 

9  29 

20 

- 

'.' 

25 

36 

July 

1 

12  20 

28 

192.07 

12 

25 

53 

12  35 

3 

192.54 

12 

30 

11 

1-  1  l 

30 

8   13 

314.17 

B 

55 

26 

39  92 

9    3 

10 

315.62 

8 

59 

57 

Mar. 

1  1 

16  50 

23 

17 

1 

13 

17  23 

21 

320. 15 

17 

1.-. 

15 

- 

July 

30 

9  59 

:.i ; 

10 

5 

12 

72.50 

L0  L6 

1 1 

210.75 

L0 

9 

56 

72.77 

IS 


T  ll  E     A.STRONOMICAL    JOE  B  N  A  L. 


N"-  117 


Tethys   Hyperioi 

Vioiii    Ta 

L89S 

rn  Time 

/' 

1 1 in.- 

H 

189S 

1  utern  Time 

/' 

Time 

s 

h      ii 

i 

Il          III          n 

It 

i 

in     i 

0 

i 

in        h 

n 

June    7 

Hi  52 

58 

6  85 

11    11   26 

HI  63 

\u            1 

7 

77    11 

337.52 

8 

3   13 

101.]  1 

1  1   31 

(i 

CIS 

ll    13  io 

93.65 

8 

20   17 

337.55 

8 

in     9 

100.76 

3 

8 

25     5 

12.33 

8 

31  50 

1 52. 1  s 

y. 

thys    Tapetus. 

8 

13  33 

12.30 

8 

37    17 

17,1. SO 

.luU   30 

;i  35 

;i  ">ii 

58 

1  i 

343.20 
343.70 

9   ll  26 
9   15     l 

1 82  1  s 
181.35 

Bh 

>.a    Titan. 

\,!               1 

lit  20 
LO  34 
8  55 

I  1 
1  1 
24 

1  LSI 

in  25   in 

in   29   7>1 

9     2     5 

L51.46 

17.1.17 
163.63 

Apr.    12 
16 

13 

ll' 

1 1    13 
36  38 

265.81 

7.17 

13 
12 

52  r,r, 
16  38 

lul'. '.19 

101.30 

3 

10.60 

13 

7  31 

9.06 

12 

7,1      6 

101. I'd 

9  11 

29 

40.68 

9    6    :i 

163.58 

lilin 

Hyperion 

Dione   Rhea. 

June    7 

9 

9 

29     6 

48     3 

317.22 
316.41 

9 
9 

37  53 
39  50 

108.36 
107.86 

Mar.    1  1 

15  56 

23 

136.87 

n;    ;i  .v, 

52.62 

16  31 

15 

139.89 

16  is  :;;, 

52.52 

Rhea   Tapetus. 

Apr.    12 

v      11'     20 

s 

289.97 

12  30  47. 

38.68 

July  30 

9 

1 1   22 

349.52 

9 

16  40 

17H.II7 

12  44 

IS 

289.74 

il  :;7  21 

37.69 

9 

25  30 

349.52 

9 

L'ii    17 

150.22 

June    6 

in  26 

•_'l 

6.29 

in  36  l'I 

34.19 

Aug.    5 

9 

53  10 

37.86 

In 

2     9 

122.38 

in  52 

19 

1  L.06 

in   il'  :;i 

34.09 

10 

16  7,7 

37.89 

Hi 

s    17 

121.88 

20 

12    is 

53 

72.77 

12  7.7   17. 

53.62 

13     9 

17. 

73.60 

13    :;  30 

53.32 

Titan   Tapetus. 

\,i      23 

7  53 

is 

47.26 

s     ii  28 

13.33 

June    6 

11 

19  44 

118.54 

12 

1    11 

I97.ss 

S     IL' 

38 

17.94 

s    6  19 

13.51 

12 

in  47 

117.89 

12 

4     7 

197.9S 

30 

11 

58  1  l 

263.67 

12 

1  39 

17.7.4U 

Di 

me   Hyperion 

12 

11   44 

it,:;. 7:: 

12 

6  36 

17.7.77 

June    7 

1i>     7 

40 

330.33 

10  19  is 

97. 7,1 

Aug.     8 

8 

2  10 

79. :'.7, 

8 

'.i  33 

125.03 

in  30 

56 

329.29 

io  :'ii  4<; 

9  1.; 35 

8 

22  31 

79.10 

8 

17     5 

124.68 

OBSERVATIONS   OF   THE   SATELLITES   OF   SATUBN, 

MADE    Will!    THE    26-INCH   .REFRACTOR    OF   THE   IEASDKK    MCCORMICK    OBSERVATORY, 

By  OKMOND   STONE. 


As  in  the  case  of  previous  observations,  the  angles  given 
are  each  the  mean  of  two  comparisons;  the  distances  were 
obtained  from  measures  of  double  distances.  Corrections 
have  been  applied  for  refraction. 

Mimas— Tethys. 
1896  East.  Mean  Time        p  East.  Mean  Time  .« 

Mar.  17  15  ls"i'i        228°.43  .    ."'. 

233.07  ... 


17,    IS    L'I 
17,   37    7,(1 


Mimas   Dione. 


Mar. 

17 

15  17  49 
17,  38  16 

17,7.97 
164.57 

Enceladus    Tethy 

Feb. 

21 

16  46  49 

226.08 

16  48  36 

.'  pr. 

7 

15  44  11' 

296.51 

15  56  42 

15  49  39 

295.68 

16     1     2 

16  18  25 

294.33 

16     7  34 

16  21  17 

294.58 

16  12     8 

May 

10 

13     2  48 

89.63 

13  10  32 

13  19     6 

90.52 

13  12  42 

25.49 

2.69 
2.70 
2.63 

2.70 
81.80 
81.69 


Enceladus— Dione. 
1896  East.  Mean  Time        p    .       East.  Mean  Time 

Feb.  21  17hl<;"43         194.33         17"lC,'"24 

Enceladus  Rhea. 


1 9.86 


Mar. 

17 

16 

6 

24 

183.95 

16 

13  25 

16.84 

16 

27 

32 

179.48 

16 

15  49 

16.66 

Ti  t/i  t/s-Dione. 

Feb. 

L'I 

17 

36 

39 

99.51 

17 

38  AG 

17.69 

Mar. 

24 

14 

45 

24 

336.37 

15 

4    15 

31.17 

14 

7,(1 

16 

337.88 

15 

6     2 

30.73 

15 

25 

21 

347.29 

15 

15  25 

30.55 

15 

29 

33 

348.70 

15 

17  19 

30.46 

Apr. 

6 

13 

51 

46 

273.73 

1  1 

0     7 

99.20 

14 

8 

42 

274.31 

14 

2     5 

'.is. 78 

15 

12 

29 

3 

85.30 

12 

42  12 

37.46 

12 

32 

47, 

85.26 

12 

44  40 

37.69 

13 

5 

7 

86.30 

12 

56  14 

36.92 

13 

8 

51 

86.39 

12 

58  25 

36.76 

May 

10 

13 

24 

43 

86.02 

13 

30  15 

12.37 

13 

38 

36 

S7..S6 

13  33  39 

12.64 
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Apr.    6 
15 

May  10 

Feb.  23 
Mar.  24 

Apr.    G 


Tethys—Rhea. 


East.  Mean  Time 
14"  Iff   2 

11   31    10 

11  38  26 

12  13  18 

12  19  20 

13  48   12 

14  9    3 


P 

27*5.86 
275.72 
it.-..:  1 
276.06 
188.53 
192.25 


East.  Mean  Time 

1  I ":. 

I  I   37  25 

I I  49  13 

11  52  0 

12  3  10 

12  6  50 

13  -">4  in 
13  59  7 


17  9  28 
17  30  32 
11   18    15 

14  in  34 

15  t3  34 

16  11  19 
13  us  56 
13  43  46 
16  55  44 
16  59  37 


Rhea. 

169.53 
173.24 
301.01 
301.60 
302.27 
302.06 
1  77.7.7 
179.39 
191.16 
190.99 


13     6  52 
13  12  40 


217.09 
216.27 


16  35 
22  35 
30  30 

;;:;  30 

52  1 

53  13 
34  5 
37  2 

4  17 

8  1- 

13  36 

17  (I 

18  18 


99.28 
99.58 
is.  11 
18.30 
49.16 
19.31 
27.03 
26  85 


35.77 
20.37 
20.30 
21.30 
21.18 
15.11 
l  t.89 
15.31 
15.51 
15.48 
1.V77 
17  38 


1S96 
May  10 


Feb.  2:5 


May  10 


Apr. 


15 


East.  Mean  Tim.  /, 

5     2        215?03 
1  1  29  25         217.82         1  1  _ 


16  24  16  303.99 

16   11  15  304.52 

L6  58  13  304 

Rhi 

11   32  .'in  1  ] 

1 1  39  43  11  1.03 

12  28  33  11  1.17 
12  32  51  11 


16  34    18 

16   7,1-    ]n 


11   51   34 

11  54   53 

12  14   51 


14  42   U 

I  1  48  5 1 

15  28  36 
15  35  2 
13  18  18 
13  25  31 

II  16  17 
11  21  in 


21.76 

22.10 

23.10 

23.81 

102.51 

102.90 

102.59 

1 1 12.7:; 


15  1  16 
15  4  19 
15  13  34 
15  16  14 
13  l>  8 
13  7.11  38 
13  53  15 
13  55  13 


1 15.52 


107  7s 
106.96 

107.49 


7-;. '.c 
71.66 

71.74 

n.i#; 
n.75 


OBSERVATIONS   OF    ASTEROIDS, 

MADE    WITH    TIIK    20-INCH    EQ1    LTOBIAL    OF    Tin:    .  1 1 A  M 1 : 1   I:  r.TN    OBSERVATORT,    BNIVERSITI     PARK,    COLORADO, 

I'.v  C.   PERCY    FONDA. 


University  ParkM.T. 

* 

>~ 

>. 

Planet  —  ^c 

Planet1 

*  apparent 

log  j.A 

(  omp. 

la                   18 

a 

8 

foru            f..rrt 

32 

1898 

h       m       s 

1,        ,11        s 

Mar.  29 

11   17  44 

1 

21 

+  1   13.77 

13   11    13.16 

11  20  16 

1 

9 

-  5  59.8 

-10     6    I-. 7. 

Apr.   14 

11   17  7,1 

-. 

6 

-  3  7,7.7, 

-  57     4.2 

0.817 

11   18  37 

•> 

36 

+  ii  40.32 

13  .."   l  I    6 

■  .- 

11     5  29 

•'! 

2  1  . 

9 

+  4     0.26       +■  0  35.1 

13    16  27.27. 

-  8  11    19.8 

8.444 

11   27  30 

4 

24  . 

9 

-2     2.64      -12   10.6 

13   16  - 

-  8  11   31.4 

(176 

May     9 

11   26  53 

7. 

20 

_0  26 

15  21   38.17 

8.925         .    . 

11   27     8 

5 

6 

+  ii  32.6 

-   2  40  31.4 

.    .        0.770 

1 1   53  33 

6 

12 

4-7,  33.82 

15  21   36.95 

i8.474         .    . 

11  54  59 

6 

i-. 

+  2  26.8 

—  2  4i 

.    .        m.77(i 

Mm, 1   Places  for  1898.0  of  Comparison- Stars. 


13  39  56.47 
13  26  30.93 
13  12  23.87 
13   is  26.49 

17,  22  1.17, 
17,  17,  59.78 


Red.  i,. 
aii|,.  place 


+2.92 
-+-:;.  ii 
+3.12 
+  :;.u 
+3.35 
+3.35 


■10  'I  27.0 

-  52  17.7 

s  11  34.6 

;  58  30  6 

2  l"  is.  | 

2  I-  .:'.'. 7 

1 


Red.  i,, 
ap],.  place 


Authority 


-    Is. 7 
L9.0 

20.2 

17,  6 
16.2 


Munich  I.  9482 

Sohjellerap  Is;:  i 

Munich  I.  '.'".".7 

A  (Munich  I.  :'l  I"  •  - 

M      ich  ]   1  1371 

A,  Munich  [,  11244 +  S  ip  54  16) 
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COMET  i   is<  is. 

[From  Mr.  Ritchie's  Special  Circular,  X"   122.] 


On  the  nigb.1   of  October  20   a  telegram  received  from 
Dr.  W.  R.  Bbooks  of  Geneva,  N.Y.,  announced  thedi  © 
,  i   :,  comi  i  earliei  in  the  ■    ening.     The  disco**  erj  p 

thers  received  from  Professor  W.  W.  Payne  ol  North- 
field,  Mum.,  and  through  Harvard  College  Observatory  are 
,,         i  .  I,      Profe    oi    Keeler  of    Lick  Observatory   com- 
le  elements  and  ephemeris  computed  by  Hussey. 

Tin'  object  as  described    li\    Hi: cs  is  Large,  round    and 

brightish.  « 


Elements  ami  Ephemebis. 
T  =   L898  Nov.  23.1  I  Gr.  .M. 


1898  Gr.  M.T. 

Oct.  20.5 
21\6352 
22.6900 
23.6280 
24.6850 


1 1   32  in 

1  ,"i     .'i  35.6 

1.-.  25  39.0 

L5    I-  .'.7.1 
10     0     6.1 


+60  26     0 

57  55  is 

55  in  33 

52  l'.»  22 

+  4'.i  50   19 


Observer 

1  111  inks 

1 1 ussey 
Wilson 
Hussey 

1  In    i  \ 


1  = 
Midnight 

Oct.  27 

31 

Nov.  4 


123  22 

96  I" 
1  in  L9 
0.7564 

a 

16  35   18 

17  9     8 
17  30  28 

17    11   52 


1898.0 


+  41  31 
30  11 
20  30 

+12   11 


Brightness 
1.08 


L.91 


llrightness  October  '-''I  =  1. 

Computed  from  observations  of  October  21,  23  and  25. 

Profe  ior  Heeler  further  telegraphs  thai  Peeeine  notes  a 
close  resemblance  between  the  elements  of  this  comet  and 
those  of  18S1  IV. 


Mr.  Ritchie  also  communicates  the  following  orbit  received  by  him  from  Carleton  College  Observatory,  computed 
from  observations  of  Oct.  21,  22  and  25,  by  l>r.  H.  C.  Wilson. 


T  =  1898  Nov.  23.12  Gr.  M.T. 

c  =  122°  25) 

&  =  in  55  1898.0 

i  =  140   1  ) 

q  =  0.7558 


Gr.  M.T. 

1S98  Oct.  28.5 

Nov.  1.5 

5.5 

9.5 


16  4.".  28 

17  14  50 
17  3.3  56 
17  47  0 


8 
+38°  34 
27  38 

18  29 
+  11  9 


Br. 

1.12 


0.73 


A    MOW    VARIABLE   OF   THE  ALGOL-TYPE. 

[From  Mr.  Ritchie's  Special  Circular,  No.  122.] 
Mr.  Edwin   F.   Sawyer  communicates  to  the  Boston  Scientific   Society  the   particulars  of   a    new   .  I  '</. //-variable 
discovered  by  him.     ft  is  DM.1 2°3557,  the  position  of  whicb»(1900)  is     R.A..  18"  26m  1"     +12°  32' 36".     The  epoch 

of  minimum  is  1898  October  3.54233,  Gr.  M.T.,  and  the  period  is  21h  21m.     The  range  of  variation  is  from  7.0  to  7.5 

magnitude. 


ELEMENTS   OF   THE    MI.VOK   PLAXET 

By  WILLIAM  J.  HUSSEY. 
From  the  mean  of  the  two  Kiel  observations  of  August  15, 
and  my  observations  of  September  C>  and  L!7.  I  have  com- 
puted the  following  elements  and  constants  for  this  planet. 
In  obtaining  the  elements  the  observations  have  been  fully 
corrected  for  parallax  and  aberration.  The  elements  give 
a  perihelion  distance  of  105,440,000  miles,  or  approximately 
23,000,000  miles  less  than  that  of  Mars,  and  only  14,100,000 
miles  greater  than  that  of  the  Earth. 


Constants  foe  the  Equator.  1898.0. 

x  =  r  [9.994680]  sin(v+210°44  5.2) 
y  =  r[9.94!724]  sini>+115  4:1  8.4) 
-   =   r[9.707159]  sin(y  +  136  10  6.6) 


DQ, 


Elements. 

Epoch  1898  August  31.5  Gr.  M.T. 


J/ 


222  .".1  53.3 

176  52   17.6)  t-,  ,. 
'  Echpt 


=   303  23  45.2 


ic  and  Mean 


["Equinox  of  L898.0 


log  a 
logM 

(*■ 

Period 


10    II   44.3  )  ' 

12  49  4H.7 
0.164038 
3.303950 

2013".491 

643.66  days  =   1.7G2  years 


Mt.  Hamilton    Cat,  1S9S  Oct.  4. 


CONTEXTS. 
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Observations  of  the  Satellites  of  Saturn,  by  Herbert  R.  Morgan. 

Observations  of  the  Satellites  of  Saturn,  by  Ormond  Stone. 

Observations  of  Asteroids,  by  C.  Percy  Fox  ha. 

Comet  i  1S9S. 

A  New  Variable  of  the  Algol-Type. 

Elements  of  the  Minor  Planet  DQ,   by  William  J.  Hussey. 
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STANDARD   STARS  SOUTH  OF  DECLINATION  —20  . 

By  LEWIS    BOSS. 


The  subjoined  catalogue  of  southern  standard  stars,  to- 
gether with  tables  of  systematic  corrections  to  be  applied 
to  various   series   of  meridian  determinations,  whili 
pared  primarily  for  the  special  use  of  the  Dudley  Observa- 
tory, may  be  found  to  have  some  general  interest. 

Essentially  the  present  investigation  constitutes  an  ex- 
tension of  the  system  of  star-positions  of  the  American 
Ephemeris  from  declination  —22°  to  the  south  pole.  As 
to  the  right-ascensions,  the  system  of  the  American  Ephem- 
eris (A.E.)  to  which  reference  is  here  made,  is  complete 
and  definite  only  in  the  equatorial-zodiacal  region.  N  i:\y- 
comb's  "Standard  and  Zodiacal  Stars"  and  the  "Declina- 
tions of  Fixed  Stars"  by  the  present  writer  define  this 
system.  Twenty  years  ago,  when  the  A.E.  system  was 
founded,  the  available  interval  embraced  in  the  published 
meridian  observations  from  the  Southern  hemisphere  was, 
substantially,  1830  to  1870.  Nearly  all  the  observations 
of  the  Cape  Observatory  later  than  1So4  were  at  that  time 
still  unpublished ;  and  the  material  was  otherwise  scanty. 
1 1  was,  therefore,  practically  impossible  to  establish 
isfactory  system  of  star-positions  for  the  far  southern  sky 
at  that  time.  The  A.E.  system  in  right-ascension,  as  de- 
fined in  the  Standard  and  Zodiacal  Stars,  is.  in  fact,  con- 
fined to  the  equatorial-zodiacal  region,  and  is  a  system  of 
"clockstars."  The  deficiencies  of  this  system  would  not 
possess  any  special  significance  at  the  present  time  were  it 
not  that  it  is  found  to  represent  the  whole  course  oi  obser- 
vation during  the  nineteenth  century  so  well  thai  an  in- 
vestigation of  some  critical  thoroughness  will  be  needed  to 
determine  even  the  algebraic  signs  of  the  systematic  cor- 
rections required.  Therefore,  it  seems  to  be  worth  while 
to  repair  those  deficiencies  of  the  A.E.  system,  pending 
the  time  when  by  an  extension  of  the  interval  of  reliable 
fundamental  determinations  of  star-position  the  opportu- 
nity for  an  effective  revision  of  that  system  shall  become 

evident. 

The  present  work  was  begun,  as  part    of  a  more  Compre- 
hensive one,  six  years  ago,  but  until  last    year  was  carried 


on    in    a    desultory   manner    amid    more    pressing    duties. 
Many  years  ago  I  selected  about  750  stars  with  a  vii 
their  use  as  primary  and  secondary  standards  in  the  r< 
—  22"  to  —90°.     Of  these  about  500  were  to  be  pn 
for  the  use  of   the   Dudley   <  tbservatory    in   carrying  on 
meridian  observations  in  the  belt  of  sky.  —  L'1'    - 
Tie-  present  publication  contains  the  larger  and  better  part 
of  what  I  have  termed  the  primary  standards. 

The  practical  end  sought  in  the  present   work  n 

defined  concretely  thus:  T nstrucl  a  standard  catalogue 

for  the  region  south  of  —20°  such  that  the  same  results 
for  star-position  may  be  reached  by  means  of  strictly  dif- 
ferential observations  in  any  part  of  thai  would 
be  reached  through  perfect  instrumental  and  otl 
ing  conditions  by  the  use  ot  the  equatorial  stars  of  the 
A.E.  system  as  standard.  To  construct  such  a  normt 
tern  of  southern  standard  stars  requires  a  series  of  approxi- 
mations by  means  of  which  the  required  systematic  correc- 
tions of  the  separate  star-catalogues  and  the  resulting 
normal  star-place  I  what  as  if  from 
virtually  simultaneous  equal 

It   is  assumed  thai  the  required  systematii 
for  both  eight  ascensions  and  declinations  can  be  ex] 
in  terms   of     /«o  and    11  and   . I&a  and    /8,, 

for  the  latter.      /,;,  and    1$,  are  the  customary 
which  vary  with  t  he  declination   either  accord  ' 
simple   law.  or  otherwise.      1    shall    assume   thai    .  /<<,,   and 

/8a  may  usually   be  sufficiently  well  expressed  undi 
form,    ttsina  +  ftcosa.     The  anmi  temperature 

sibility    of    errors    having    this    form    and 
may  bi  j    the  variation  of 

lat  it  ii.:  ■  I      .   many  small 

ei  rors   in    1  1"  Ogues  due  tO  defective  I 

reduction  are  Ol    this   form;   other  sources   of  error  may  be 
approximately    of    this    form.     1   have   usually    Found    in 
practice   that,  alter   the   application   of  corrections     ( 
/.\,  of  this  form,  the  outstanding  residual  errors  an 
tively  small  in  amount  and  irregular  as  to  distribution. 

(121) 


1 22 


tii  i:     \  sti:  nM.iMic'Ai,    .1011:  n  a  i.. 


v     i  is   1 19  150 


It.  is  obvious  i  hat,  under  the  plan  here  adoj 

of  the  form    laa  and    1Ba  can  I"-  al  once  determined 
for  all  those  southern  lies  which  have  a  suffi- 

cient number  of  observations  within  the  equatorial  r< 
—20°  to  +30°.     This  course  proves  to  be  feasible  in  prac 
tice  except   for  a  limited   number  of  star-catalogues   like 

thosi '  Obsei    itorj  for  1830  and  1850.     There 

cally   remains,   then,   only  the    problem    of   finding 
/,     and    /<>,,  «  ii  hin  the  declinal  ion  limi  90°. 

Right-Ascension.     So  far  as  the  transil  element   is  con- 
cerned, when  the  right-ascensions  of  click  stars  (+30   to 

20  i  ire  assumed  to  be  known,  each  instrument  is  simply 
required  to  define  a  meridian  in  the  sky.     It'  the  ro 
of  the  line  of  collimation  in  a  true  plane  be  sufficiently  in- 
sured through  known  excellence  of  pivots  and  rigidity  of 

construction;  and  ii  the  polar  deviati f  the  transil  lias 

letermined  bj  independent  observation  of  the  right- 
ascensions  of  polar  stars;  tin-  observed  right-ascensions 
may  be  considered  absolute  for  the  purposes  here  required. 
In  the  present  work  T  have  assumed  that  the  required  con- 
ditions are  sufficiently  fulfilled  to  permit  the  use  of  the 
following  catalogues,  with  approximate  relative  weights, 
in  constructing  a  normal  system  of  right-ascensions  for 
southern  stars  in  the  manner  described  :  Cape  Catalogues 
for  L830,  1833,  1840,  1860,  1880,  1885  and  L886  to  1891  ; 
Saint  Helena  1830,  Santiago  1850,  Melbourne  1860,1870 
and  1880,  and  Cordoba  1875,  —  thirteen  series  in  all.  "With 
:ceptions  to  be  noted,  the  practice  adopted  in  this 
preliminary  stage  of  the  computation  is  to  consider  Ika 
constant  (correction  of  the  adopted  equinox)  and  to  com- 
bine this  with  J«u  determined  from  equatorial  (  —  20°  to 
+  30°)  stars. 

Declinations.  In  the  preliminary  stage  of  the  work 
/tit  is  determined  in  the  same  way  as  1<ta  was  determined. 
But  even  in  the  first  approximation  it  was  not  desirable 
that  /rtri  should  be  regarded  as  constant.  This  part  of  the 
error  may  be  assumed  to  be  due  to  error  in  the  adopted 
constant  of  refraction,  to  uncorrected  flexure,  or  to  some 
other  source  of  error.  "While  the  form  of  correction  due 
to  assumed  errors  of  flexure,  or  of  refraction  tables,  is 
known,  we  must  make  some  arbitrary  assumption  when 
the  source  of  the  error  is  not  clearly  indicated.  Wherever 
the  latitude  has  been  adjusted  in  such  a  manner  that  the 
zenith-distances  of  close  circunipolar  stars  give  sensibly 
the  same  declinations  at  upper  and  lower  culmination,  we 
may  assume  that  .  ldt\  for  the  pole  is  zero.  Through  com- 
parison with  the  A.E.  system  we  are  enabled  to  determine 
J8,j  for  the  equator.  In  the  absence  of  other  expedients 
ve  may  then  assume  that  .  /<S(S  varies  uniformly  from 
the  equator  to  the  pole.  In  effect,  however,  this  is  not 
very  different*from  assuming  that  the  correction  is  pro- 
portional to  sin."  for  the  declination  limits  under  con- 
sideration. 


Thus   we   bave   a    first  approximation   to   the  required 
itic  corrections;  and  through  the  use  <>l  these  with 
suitable  weights  the  basis  oi  the  normal  Bystem  was  de- 
rived b\  combination  of  the  thirteen  catalogues  enumerated 

ire  t  lie  places  oi  111  stars.  Then  can. 
approximation  to  the  values  oi  Jutland  IB,  obtained 
on  of  the  catalogues  with  the  new  stand- 
ard catalogue.  At  this  stage  of  the  work  the  star- 
positions  oi  Bradlei  1755,  Piazzi  L800,  Brisbani  I  826 
in  declination  only),  Taylor's  Madras  1835,  and  Cape 
1850  'Acre  introduced  and  corrected  for  preliminary  values 
of    /k,,  ami  .  IBA ,  as  well  as  for  values  of    /•',,  and    /o„  as- 

certai 1  1>\  a  combination  of  the  equatorial  with  the  new 

standard  stars  as  a  basis  of  comparison.  Then  the  south- 
ern standard  catalogue  was  expanded  to  '_".i7  stars.  39  of 
the  II  I  preliminary  star-places  having  been  revised.  This 
italogue,  from  which  a  selection  of  17'.t  stars  has 
been  made  for  publication  in  this  article,  became  the  basis 
for  a  final  revision  of  the  systematic  corrections,  as  pub- 
lished in  Table  1 V. 

IIasis    ix    EtiGB  r-Asi  i:\siox. 

In  right-ascension,  the  foundation  of  the  present  inves- 
tigation rests  essentially  on  Professor  New<  omb's  "  Right- 
A.scensions  of  the  Equatorial  Fundamental  Stars."  Pro- 
fessor Newcomb  there  investigated  in  an  exhaustive  way 
two  important  points.  the  position  of  the  equinox  and 
periodic  errors  in  observed  right-ascensions  of  the  form 
acosa  +  Jcosa.  Subsequent  investigation  indicates  ihat 
his  success  on  both  these  points  was  good.  The  best  mod- 
ern observations  indicate  but  a  slight  correction  to  his 
position  and  motion  of  the  equinox.  In  his  recent  work 
upon  the  Fundamental  Constants  of  Astronomy  (pp.88 
and  96)  Professor  Newcomb  states  that  from  a  treatment 
of  all  the  most  available  observations  of  the  sun  made 
during  the  modern  period  of  astronomical  history  he  finds 
as  the  most   probable  correction    of   the  equinox  here  in 

question,      -0".023  f      100      )•       In   ^.J".    430    (p.  172) 

the      present    writer    deduces    a    similar    correction     of 
T-1854 


-0B.04 


100 


From    the    Fundamental    Constants 


(pp.  SS  and  Of!  i  it  is  learned  that,  when  he  combines  with 
the  results  of  sun-observations  those  from  Mercury  and 
Venus,  Professor  Newcomb  obtained  for  the  correction  of  the 

Equinox  of  the  American  Ephemeris,     +0".020( — — — —  1, 

and  this  he  appears  to  regard  as  the  most  probable  correc- 
tion. I  doubt  whether  the  results  from  Venusaad  Mercury 
ought  to  have  any  appreciable  weight,  not  only  because  of 
certain  difficulties  connected  with  the  theories  of  those 
planets,  but  also  because  of  the  very  great  uncertainties 
in  the  systematic  sense  which  attach  to  observed  right- 
ascensions  of  those  planets.     Whatever  we  decide,  it  seems 
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that  the  correction  of  the  equinox  A.E.  (or  .V,  must  be 
quite  small.  Of  course,  the  final  correction  for  the  motion 
of  the  equinox  is  one  which  may  easily  be  lefl  open  for 
the  last,  since  it  is  the  easiest  of  all  corrections  to  apply. 

But  it  is  extremely  desirable  thai  a  standard  system  of 
clock-stars  should  be  as  free  as  possible  from  errors  of  the 
form  asina  +  6cos«.  Kxcellence  in  this  respect  ap- 
pears to  be  the  distinguishing  feature  of  Professor  New- 
comb's  work.  He  paid  only  incidental  attention  to  sys- 
tematic errors  of  the  form  /lag,  As  to  the  error  h(a,  the 
most  available  and  weighty  of  recent  testimony  on  that 
point  is  contained  in  the  two  Greenwich  Catalogues  for 
1880  and  1890  respectively.  Each  of  them  is  wholly  sub- 
sequent to  and  independent  of  Professor  New  omb's  work. 
At  Greenwich,  with  suitable  methods  and  appliances,  t  In- 
most careful  attention  has  been  given  to  the  elimination 
from  observed  right-ascensions  of  terms  in  /,<„.  Among 
the  published  papers  on  this  point  we  may  select  that  by 
Professor  Newcomb  (M.N.,  June,  1890)  which  contains  tin- 
detailed  results  of  a  comparison  of  the  Greenwich  Ten- 
Year  Catalogue  for  1881 1  with  the  A.E.  standard  in  right- 
ascension;  also  a  recent  paper  by  the  Astronomei  Royal 
(M.N.  for  April,  1898)  embodj  ing  the  results  of  a  similar 
comparison  with  the  Ten- Year  Catalogue  tor  1890.  From 
a  summary  discussion  of  these  two  I  find  the  following 
corrections  of  the  A./:',  system  : 


From  Grw.   1880 
From  Grw.   1890 


+  11.01(1    sin,? 

+  0.001  sin« 


1 1. on.",  cosa 
+0.003 


Mean  epoch  1887  +0.001  sin«     -0.001  cos« 

The  agreement  could  not  be  more  satisfactory.  In  fad 
the  coefficients  of  correction  ait-  much  smaller  than  their 
probable  error  of  determination. 

I  have  considered  the  A.E.  system  m  i;..\.  to  be  besl 
defined  by  the  places  of  the  principal  stars  given  for  five- 
ntervals  on  pp.  301  to  314  of  Professor  Newcomb's 
Standard  Clock  and  Zodiacal  Stars.  The  eight  ascensions 
of  other  stars  given  in  that  work  are  liable  to  huge  errors 
in  individual  instances. 

Basis  in   I  'eclin  ltion. 

1  have  tested  the  A./:',  system  of  declinations  iii  a  simi- 
lar manner.  'This  system  may  he  said  to  give  a  seemingly 
representation  of  tin-  combined  testimony  of  observa- 
tion as  to  declinations  of  stars  as  that  testimony  existed 
in  published  form  twenty-two  years  ago.  Main  io-w  con- 
tributions have  appeared  since  that  time,  although  these 
are  less  in  number  and,  except  a  few,  less  valuable  than 
one  might  fairly  have  expected.  For  the  present  purpose 
it  is  only  necessary  to  consider  tin-  qch  material  ■ 
early  or  very  recent  date.  Obviously  the  new  material 
will   have   no  value  as  a    test  of  the   standard    declinations 


it  shall   he  constituted  of  independent  determina- 
tions. 

Strict  determination  of    | 

-  red  as  independent  v.  hi 

slant    of  refraction    is    not    independent'..  ed    but 

lined    to   he   known.      No   matter  how    pi 

mined 
in  pre',  i -  ■  here  will  al 

in  obtaining  the  true  temperature  of  thi 

.ding  with  that  which  ought  to  be  used 
in  connection  v.  it  h  t  he  ado;  |  ..  bich  then, 

may  be  founded  on  then 

the  true  temperature  of  the  air.     T  i  f  this  point 

is  such   thai    a   s\  PC  in  the   reading  of 

lie-  thermometer  |  ystematic  error  in  the  zenith- 

distances  of  about   0.0035  p,  where  p  denotes  thi 

It  can  scarcely  bi  that  in  the  various 

ermometer  we  can  lie  insured 
against  a  systematic  uncertainty  of  this  amount,  though 
well  chance  to  be  less.  But,  il  we  i  two  con- 
tempora s  series  of  observed  declinations  of  stars  de- 
termined in  opposite  hemispheres,  though  each,  standing 
alone,  may  not  he  strictly  independent  a-  to  deti  rmination 
of  refraction,  comparison  oi  the  two  sei  an  ex- 

cellent   means  tor  the  sj  stem  a 
tion  at  each  observatory.     The  va 
pends   upon   the   freedom   from   instrumental   - 
zenith-distance    measures.     An    example  of   this   kind  of 
comparison   maj  be  found  al    pages  66  68  of  my  work  on 
Declinations    of    fixed    Stars,    where    my    compilation    of 
Washington  declinations     L866   69)  is  compared   with   the 
Vlelboui      I  L870.    Another  example  is  found  in 

the  introducl ii f  the  Cape  i  •  -  >      l>r.  Gill 

lias  there  presented    e\  idem  e  i  o 

probablj  not   affected  with  a | 

the  form     I  i  o  v-xxix  i.       I  nation 

both    for  the   Greenwich  and   i    ipi    I  eem  to  have 

beer  determined  with  gn  d  much  evidence  might 

be  adduced  I  ors  of  graduation 

are  small.     1   think  that  this  combination  of  the  work  of 
the  two  observatories  furnishes  evidenci  adenl 

value  as  to  the  declinations   of   the   principal  stars, 
equal,    perhaps    to    that    winch    might    have    been    dl 
from  two  reversible  instruments  in  like  relatii 
tainly    worthy    of    much    con'  much    the 

\\a\  1  have  utilized  the  recent  annual  catalogues  of  the 
Cape  Observatory,  L886  1891,  in  com  hi  nation  with  the  un- 
published Greenwich  Catalogue  for  1890.  Dr.  Gill  finds 
the  lal  it  ude  oJ  I  he  Capi  Pransit<  re  i  to  bi  33  5( 
This  is  strikingly  confirmed  by  observations  made  with  the 
telescope  upon  stars  at  upper  and  lower  culmination 
at  the  Cape  combined  with  stars  at  equal  zenith-disi 
north,    the    declinations     of     winch    were    determined     at 


12  I 


T  II  i:     A  8T  BO  N'oM  I  C  A  L     JO  D  R  N  A  L. 


N"»-448  449   150 


Pulkowa.  Neglecting  possible  secular  variation  of  latitude 
we  are  thus  in  possession  of  what  might  be  termed  the 
absolute  latitude  of  the  Cape  Circle  as  determined  with 
bhe  supplementary  aid  of  the  observatory  at  Pulkowa. 
Assuming  that  the  correction  forflexure  of  the  Cape  Circle 
is  _o".30  sin  -. ,  we  have  as  the  correction  of  the  decli- 
nations, 1886  1891,  as  printed,  — 0".34  — 0".30sin*. 
The  declinations  thus  corrected  I  have  compared  with  my 
standard  catalogue,  A.E.  For  the  two  /ones  south  of 
—  20°  I  show  the  results  as  they  would  appear,  using  the 
itandard  declinations  of  the  present  paper.  In  a  second 
column  1  add  the  results  of  a  like  comparison  of  the  un- 
published results  of  the  Greenwich  Ten- Year  Catalogue  for 
1890  with  .I.E.,  as  made  by  the  Astronomer  Royal  and 
published  in  the  Monthly  Notices  for  April,  1898. 

A.E.— Cape89  and  A.E.— Greenwich  90.     Declination. 

Decl.        A.E.-Cp.  A.E.-Gt.  Decl.         A.E.-Cp.  A.E.-Gr. . 

L-30°to  -25° +0.11  +0.43 

-25  to  -20   -0.O2  +0.43 

-20  to  -10   -0.05  +0.10 

-10  to        0   +0.02  +0.07 

"      0  to  +10   +0.01  +0.09 

+  10  to  +20  +0.09  +0.18 


+  20  to  +30  -0.11   -0.10 

+  30  to  +40  -0.14   -0.09 

+  40  to  +45  -0.57) 

+  45  to  +48  -1.21  [—0.22 

+  4S  to  +50  -1.23) 


From.' the  foregoing  is  easily  derived  a  comparison  of  the 
two  catalogues  which  is  exhibited  in  the  next  table. '  The 
second  column,  "obs.,"  contains  the  numbers  resulting 
directly  from  the  comparison ;  the  last  column  exhibits 
these  numbers  corrected  for  the  effects  of  systematic  cor- 
rection of  the  refraction. 

Greenwich  90  — Cape  89. 
G.— C.  G.— C. 

8  Obs.  Corr.  8  Obs.  Corr. 


-27 

-0.32 

-0.12 

+  25 

-0.01 

+0.14 

-23 

-0.45 

-0.30 

+  35 

-0.07 

+0.13 

-15 

-0.15 

-0.02 

+42 

-0.35 

-0.06 

-  5 

-0.05 

+0.06 

+  46 

-0.99 

-0.61 

+   5 

-0.08 

+  0.04 

+  48 

-1.01 

-0.54 

+  15 

-0.09 

+  O.04 

Bessel's  refractions  were  employed  in  deducing  the 
declinations  at  each  observatory.  If  the  mean  refractions 
at  the  Cape  had  been  multiplied  by  (1—0.0011)  and  at 
Greenwich  by  (1—0.0006)  with  the  corresponding  change 
of  latitude  (0".03)  for  Greenwich,  and  if  the  catalogue- 
declinations  had  been  corrected  accordingly,  the  comparison 
would  have  resulted  as  in  the  last  column  above.  The  cor- 
rections are  in  this  instance  very  slight,  though  there  are 
indications  that  they  are  not  wholly  satisfactory  at  large 
,  enith-distances.  For  zenith-distances  much  less  than  80° 
it  is  apparent  that  the  declinations  of  the  two  observatories 
are  in  this  way  substantially  harmonized. 

We  have  now  available  for  testing  the  A.E.  system,  the 
declinations  of  the  Pulkowa  Catalogue  for  1885,  and  the 


ted  declinations  of  the  two  latest  Greenwich  and  the 

two  latest  ('ape  Catalogues.     I  bare  arranged  the  result  in 
condensed  tabular  form,  I 

Observed  Cobbections  oi    A.E.rn   Declination. 

+86  +25°        +l--.°        +5"  —5°         —15° 

Gch.    82  +016  +0*07  -0.20  +0.03  +0.11  +0*.17 

Cape  84  +0.05  -0.01  -0.20  +0.02  -0.04  +0.10 

Pulk.  85  0.14  -o.i7  -0.32  -0.20  -0.26  +0.14 

Cape  89  -0.02  +0.05  -0.16  -0.07  -0.06  +0.08 

Gch.    92  +0.11  +0.18  -0.09  -0.04  +0.02  +0.01 

Mean(86)      0.00    -0.01     -0.22    -0.08    -0.08    +0.11 

The  means  are  formed  by  assigning  to  Pulkowa  twice  the 

weight  assigned  to  each  of  the  other  series.  Except  in  the 
zone  +2t)°  to  +1<>°,  the  evidence  of  systematic  difference 
is  seen  to  be  wholly  insignificant.  But  it  appears  tha 
standard  declinations  in  the  vicinity  of  +15°  require  a 
small  negative  correction  at  the  epoch  1886.  It  may  also 
be  remarked  that  the  result  would  have  been  practically 
the  same,  even  if  the  Greenwich  and  Cape  declinations  had 
received  no  correction  for  refraction.  As  to  the  correction 
of  the  form     ./Sa     we  have  the  following  : 


From  Gch.  82 
Cape  84 
Pulk.  85 
Cape  89 
Gch.    92 


—  0.06  sin  a 

0.00  since 

+  0.03  sin  a 

+0.04  sina 

+  0.02  sinrc 


—  0.04  cos« 
—0.08  cos« 

-  0.01  cos« 
0.00  cos  a 

-0.02  cos« 


Except  at  Pulkowa,  where  an  attempt  has  been  made  to 
eliminate  the  effect  of  variable  latitude,  these  corrections 
in  Jha  are  not  entitled  to  much  weight ;  but  they  do 
indicate  that  the  correction,  JSa,  required  by  the  A.E. 
system  in  1886  must  be  very  small.  In  this  connection, 
the  inactivity  in  meridian  observation  of  independent  value 
at  observatories  in  the  Southern  hemisphere  differing 
widely  in  longitude  from  those  in  Europe  is  very  greatly 
to  be  regretted ;  because  the  combination  of  observations 
in  opposite  longitudes  tends  to  eliminate  terms  in  J8a 
which  arise  from  variation  of  latitude. 

In  A.J.  364  (p.  28)  Dr.  Chandler  has  compared  with  the 
declinations  of  the  A.E.  system  his  new  deduction  of  decli- 
nations from  double  zenith-distances  measured  with  the 
Greenwich  Mural  Circles  in  the  period,  1825-1848,  mean 
epoch  1832.5.  Part  of  these  observations  entered  into  the 
construction  of  the  A.E.  system  ;  but  Pond's  observations 
subsequent  to  1825  had  no  part  in  founding  that  system. 
The  series  is  reduced  with  Bessel's  refraction,  and  lacks 
independence  in  that  respect.  The  positions  are  all  of 
stars  north  of  the  equator.  Yet,  I  think  the  comparison  has 
some  interest  for  the  present  purpose.  Collecting  the  ob- 
served values,  Gch.  32  — A.E. ,  in  zones  of  10°  in  width,  we 
have  the  following  corrections  of  the  A.E.  declinations  in 
the  equatorial  regions : 
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Greenwich  1832- 
S  J8,s 


A.E.   IN   DeCLIH  \  DION. 

J8„ 


+  0.01  ) 

I      -0" 


0".04sin«      +0".10COS( 


+  8 

+  14         +0.01, 

+  i>G         -  0.02  ) 

Dr.  Chandler  finds  confirmation  of  the  periodic  part  of 
tins  correction  through  theoretical  considerations.  Be 
says  :  "But,  of  the  catalogues  before  1850  on  which  Boss's 
normal  system  rests,  thirteen  (wt.  25)  were  reduced  by  the 
use  of  nadir  or  horizontal  points,  and  five  (\vt.  is,  by  polar 
points.     The  former  are  affected  by  latitude-variation,  the 

latter  not.     Hence  we  reduce  the  above  coefficiini  I  take 

+  0".ll  sin(«  +  113°)  as  the  correction  to  Boss's  declina- 
tions for  the  epoch  in  question."  It  seems  to  me  that  Dr. 
Chandler  neglects  the  compensating  effect  of  morning  ob- 
servations with  the  meridian  instruments  of  the  principal 
observatories.  These  to  the  extent  in  which  they  are  actually 
made,  tend  still  further  to  eliminate  the  annual  term  of 
latitude-variation  for  those  bright  stars  under  considerate  n 
in  Dr.  Chandler's  comparison.  This  hypothesis  seems  to 
derive  support  from  that  part  of  the  preceding  comparisons 
of  A.E.  with  late  Greenwich  Catalogues  which  relates  to 
J8a.  I  should,  therefore,  be  inclined  to  think  that  the 
A.E.  system  for  18.32  requires  a  correction  of  the  form 
J8a  smaller  than  that  which  is  indicated  by  Dr.  Chand- 
ler's treatment  of  Pond's  double  altitudes. 

In  his  discussion  of  the  orbits  of  the  principal  planets 
Professor  Newcomb  has  derived  terms  representing  the 
absolute  correction  of  the  A.E.  system  of  declinations. 
From  the  discussion  of  five  planets,  Mercury  to  Saturn,  he 
indicates  at  p. 89  of  his  Fundamental  Constants  of  Astron- 
omy that  the  A.E.  system  of  declinations  may  require,  in 
the  equatorial  region,  a  correction  of 

+  0".09  +  0".42  '/' 
in  which  T  is  the  fraction  of  a  century  elapsed  since  L850. 
In  A.J.  365  he  repeats  this  statement  and  remarks  :  "  The 
correction  for  the  epoch  1850  I  regard  as  quite  reliable, 
and  probably  correct  within  ±0".07.  The  secular  term, 
however,  is  less  reliable,  owing  to  the  difficulty  of  reducing 
the  older  observations  to  any  one  standard  with  entiri 
tainty." 

I  should  feel  some  distrust  of  both  terms,  principally  Eor 
two  reasons.      First,  nearly  all  the  observations  which  are 

effective  for  correcting  the   planetary   tables    have   1 a 

made  at  observatories  which  have  a  comparatively 
northern  latitude  ;  so  that  fully  one-fourth,  or  one-third,  of 
the  planetary  zenith-distances,  must  be  measured  under 
circumstances  unfavorable  for  computing  the  true  amount 
of  refraction  in  comparison  with  those  observations  which 
have  been  made  al  small  zenith-distances.  Chi  true  equa- 
tor will  not  therefore  be  at  the  theoretical  mean  indicated 
by  the  observations  treated  in  this  manner;  and  in  order 
for  this  method  to  be  effective  the  observatories  should  have 


1832 

0.00 

ls.-,o 

+  11. (Ill 

1886 

-0.07 

small  latitudes.     Secondly,  there  is  a  well  known  un- 
certainty in  the  pointing  in  zenith-distance  upon  plai 
images;  there  is  every  probability  that  small  bi     I 
systematic  errors  would   originate  in  this  source, —  • 
which  have  already  been    indicated  in  i 
ridian  observations  of  Mars;  and  such  errors  would  almost 
certainly    operate   more    sensibly    at    the   greater   zenith- 
distances.     Hut  if  we  SB  I  from 
the  planets  to  have  some  weight,  we  may  arrai  .  • 
observed  corrections  of  the  A  I                  I  declination 
the  equator  as  follows : 
Date    I  »bsd.  I  'ott.  of  .1  /•.'.                          Source 

Greenwich  Mural  Circles,  1825  1848. 

Planetary  researches. 

Recent  Greenwich  and  Pulkowa  obsns. 

Furthermore,  the  A.I-:,  system  of  declinations  sho 
most  free  from  systematic  error  in  1847,  which  is  the  mean 
epoch   of  the   fundamental   declinations   employed    in    its 
foundation.     Therefore  we  may  insert  thi  ,  at  the 

date  1847,  in  the  above  list.  Then  it  becomes  clear  that 
the  latest  Greenwii      I  ad  Pulkowa  observations  indi- 

cate a  negative  progressive  alteration  in  the  correction  for 
the  A.E.  system.  This,  however,  is  directly  opposed  to 
that  which  Professor  Niu.omi;  funis  through  his  planetary 
researches;  and  also  it  is  directly  opposed  to  that  which 
would  result  from  the  comparison  of  the  new  redaction  of 
Bradley's  observations  bj  Dr.  Ajtwers  with  modem  ob- 
servations. 

In  the  following  statement  i 
between  the  A.E.  standard  declinations  and  those  of  Brad- 
let  between  +50°  and  —20°  of  declination  only  the  princi- 
pal standard  stars  are  employed.     South  of  —20  .  results 

derived  hy  the  use  id'  the  catalogue  at  the  end  of  this  paper 

are  appended. 
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s 

<*** 

•*  i; 

9 

2.9 

o'.rj 

h 
1 

11 

—  0...  I 

+  36 

i;; 

2.6 

2  29 

3 

\- 

+25 

21 

1  1 

1.39 

5 

13 

-         J 

+  15 

2  1 

."■  - .'< 

L.60 

* 

6 

o.oo 

+   .-. 

27 

1  :,:. 

'.i 

s 

—   6 

21 

is 

1..-.-J 

11 

10 

1 

-15 

13 

2.7 

L.52 

l:; 
15 

8 
L2 

+  0.14 
+0.31 

-23 

19 

2.7 

1  .53 

17 

10 

—  27 

•jo 

1.1 

i  02 

19 

12 

-0.71 

—  .'12 

19 

0.4 

1.1  l 

21 

15 

::i 

;: 

•  5  l 

23 

11 

Tim  n  eights  are  intended  to  be  upon  a  scale  of  whi 

probable  error  of  the  unit  is  ±0    •"■ 

Foi   the  equatorial  region   I  correction  of  the 

A.E.  system    in    declination    at     the    epoch    id'    BRA] 
tions: 

— 1*.50    I  0  .02  sine     +0*.16  ooso 
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The  probable  ei  coefficients  cd   1 1 1  *  -  periodic 

term    is   ±0".ll   and,  consequently,  tliey   have   nol 
significance.    The  question  whether  Bradley's  declinations 
to  bave  any  appreciable  weighl  in  the  foundation  of  a 
normal  Bysti  i  bich  I  shall  not  now  discuss  Eurther 

than  i"  remark  thai  this  weighl  should  certain!}    nol   be 
h  to  produce  in  the  adopted   relations  of  the 
modern  catalogues  any  marked  distortion. 

I,  therefore,  conclude  that  the  A. I.,  system  in  declic 
is  a  fair  approximation  to  the  truth.     I  do  not,  indeed,  E<  el 
justified  ;ii   present  in  indicating  an  opinion  whether  the 
progressive  error  of  the  system  a1    the  equator  is  in  the 
po  itivi    or  ii.    .itive  direction.     I   prefer  to  awail  I 

it ii his  of  bidependenl  value  before  entering  upon  the 
final  stages  of  the  revision  which    I    have  in  hand.     It  is 

assumed,  therefore,  that  the  A.I'.,  system,  in  both  i rdi- 

nates,  offers  a  suitable  basis  for  the  construction  of  a  nor- 
mal system  of  Southern  Standard  Stars. 

Bui  main  of  the  individual  declinations  of  the  standard 
catalogue  are  easily  susceptible  of  material  improvement. 
1  have  adopted  the  following  corrections  in  the  course  of 
the  present  work ;  the  constant  term  is  the  correction  fpr 
is::,. 

J81875  J,"' 


£  Andromedae  —0.38 

/(  Andromedae  +0.29 

:.l  Cephei  +0.17 

c  Eydrae  (So.  138)  for  34".59 
Si  andard  and  Zodiacal  Star 


/3  /  rs.  Maj. 
8  Crateris 
y  Cor.  Bor. 
a  i  is 
y  Berculis 
\  Ophiuchi 
k  Ophiuch  i 
i)  Serpentis 
t  Delphini 
o  Andromedae 


+  0.38 
+  0.30 
+  0.64 
-0.18 
-0.30 
+0.38 
-0.10 
-0.72 
-0.22 
+0.39 


-0.0110 
+  0.01.12 

+  O.OOS1 

read  33".59 ; 

s.  and  in  the 
+0.0153 
+  0.0113 
+  0.017.-. 
-0.0066 
-0.0100 
+  0.0131 
-0.0042 
-0.02'.  io 
-0.0046 
+  0.0124 


(T- 
(T- 
(T- 

corr. 

.tw 1 1' 
(T- 
(T- 
{T- 
(T- 
(T- 
(T- 
(T- 
(T- 
(T- 
(T- 


■  1875) 

-1875) 
L875) 
in  Newc. 

.  F.  J  ill  mi. 

•1875) 

■  1875) 

■  1875) 
1875) 

-1875) 

1875) 

-1875) 

■  1875) 
-1875) 

1875) 


There  is  also  a  decided  number  of  misprints  in  the 
Catalogue  of  the  Declinations  of  Fixed  Stars  which,  in  part, 
owe  their  explanation  to  the  fact  that,  through  an  annoying 
blunder,  uoue  of  the  proof-sheets  after  page  578  (or  [172]) 
were  submitted  to  me.  During  this  time  one  section  of  the 
work  was  wholly  omitted  in  printing.  The  omission  to 
send  me  these  proof-sheets  was  the  more  to  be  regretted 
because  the  manuscript  for  the  printer  had  to  be  prepared 
in  haste  to  meet  an  unavoidable  official  requirement. 

Preliminary  Systematic  Corrections. 

Following  is  a  list  of  preliminary  systematic  corrections 
by  the  employment  of  which  the  places  of  114  stars  south 
of  declination  —20°  were  computed  to  serve  as  the  essential 
basis  of  the  southern  system. 


I'ki  l.l  MIN.\K\     t  SOUBBI   riON8    IN     R.A. 


Cape  30 

+0.023 

+  0.025  Bina 

+  0.019 

•  

5tgi 

S.H.  32 

-  0.016 

0  "1  1  sinn 

—0.015 

0.06 

-i  tg  8 

(  'ape  33 

+  0.01(1 

0.012  sina 

9 

Cape  37 

0.000 

-o.i  ill'  sin  a 

0.003  cosa 

! 

-0.012 

—0.01 5  sin  a 

+0.019 

(  'ape  59 

+  0.02.'! 

0. I  sina 

+  0.010  cosa 

Melb.62 

+0.045 

—  0.033 

+0.001 

Melb.68 

t  0.022 

0.032  Bin« 

+  o.m  1  ci     a 

Cord. 76 

I  0.005 

0.023  sina 

+0.019 

AI.-lli.7C 

!  0.036 

0.004  sina 

+0.026  bo  a 

( 'ape  70 

+0.040 

0.010  Bina 

+0.005 

1  'ape  8  1 

+  O.O10 

0.010  Bina 

0.1 sosa 

Cape  .NO 

+  0.024 

ii  006  sina 

l  coBa 

Preliminary  Corrections   i\    Declination. 

Cape  31  +0".005o  (903  +  8i  +0.22  sina    +0.08  cos  a 

s.ll.   :;i       0.5         (B—  Y)  +0.27  sina    +0.47  cosa 

...  (p  *  86")    (  -0.0013) 

+1".25      (cos*— 0.56)  —0.01  sina    —0.01  cosa 

Cape  37  (p  +  86")    (-0.0013)  +1.25 (cos*    -0.56) 

So.     51  +0".0150  (90"+S)  +0.21     n «        ii  is  <•■  - ,. 

Cape  59  f>+86")    (—0.0015)  +0.06  sina    +0.01  cosa 

Melb.62  +0".0100  (90°  +  8)  —0.06  sina    -0.28  cosa 

Melb.68  -0".27       -0.0018  p  for  stars  north  of  zenith 
(p  +  72")     (—0.0037)  for  stars  south  of  zenith 

Coid.  76  (p  +  94")     (—0.0038)  —0.18  sina    +0.05  cosa 

Melb.76  correction  for  Melb.68  0".0020         (90°-8) 

Cape  70  (p+86")     (-0.0011 

Cape  si  (p+86")     (-0.0022)  +0.00sina    +0.08cosa 

Cape  89  -0".34       -O.OOllp  -0.30  sin  (326°  4' -8) 

ii  is  i in>  mean  refraction,  considered  positive  north  of  the  zenith. 
"B — I',"'  in  the  expression  for  the  correction  of  Nil.  31  in  declina- 
tion, signifies  the  difference  between  BESSEL's  and  Young's  refrac- 
tions as  exhibited  in  i he  table  which  Johnsoh  gives  at  p.  22  of  the 
introduction  of  the  Saint  Helena  Catalogue. 

As  to  the  choice  of  catalogues  enumerated  in  the  fore- 
going list  little  need  be  said  in  addition  to  the  statements 
in  a  previous  paragraph.  It  seemed  better  noi  to  include 
any  of  the  observations  made  at  northern  observatories  in 
this  first  stage  of  the  investigation,  because,  for  observa- 
tions near  and  beyond  70°  of  zenith-distance,  anomalous 
variations  in  the  required  systematic  corrections  are  to  be 
expected.  Catalogues  in  which  the  number  of  observa- 
tions of  the  principal  stars  is  scanty,  or  badly  distributed 
over  the  sky.  are  not  here  included.  From  the  sketch  of 
the  process  of  computation  already  given  it  may  be  seen 
that  it  is  not  necessary  that  the  catalogues  selected  should 
be  of  undoubted  value  as  absolute  determinations  of  star- 
positions  in  the  most  complete  sense.  It  was  only  neces- 
sarj  that  they  should  sufficiently  fulfil  the  conditions 
required  in  determining  a  true  meridian  in  right-ascension 
with  a  fair  degree  of  probability,  with  a  like  probability 
in  favor  of  the  expectation  of  the  value  zero  for  JS|(  at.  or 
near,  the  southern  pole. 

There  might  be  felt  some  doubt  whether  Fallows's  Cape 
and  Johnsox's  Saint  Helena  Catalogues  sufficiently  corre- 
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spond  to  these  requirements, —  especially  as  to  right- 
ascension.  Owing  to  the  lack  of  equator  j  /,<,,  and 
18.  for  Cape  30  had  to  be  determined  in  pari  differentially 

from  other  catalogues.     At  both  observatories  adjustment 
was  depended  upon  for  reducing  the  errors  oi 
plane   to   zero.     The   evidence   necessary   for  testis 
polar  deviations  of  the  transit  is  vi  though   bet- 

ter in  the  observations  of  Fallows  than  in  those  of 
John >ox.  If,  however,  we  take  the  evidence  of  Job 
light-ascensions  north  of  the  zenith  of  Saint  Helen; 
transit  must  have  described  very  nearly  a  true  meridian 
plane  With  the  aid  of  Pond's,  Struve's  and  A.rgelan- 
dee's  Catalogues  for  1830  as  an  intermediary  term  of 
comparison  for  stars  north  of  +45  of  declination  J  obtain 
the  corrections  for  Johnson's  Catalogue  here  given  in 
summary  form. 

8  No.  Stars.      A.E.     s.ll. 


+  56 

13 

-0.040 

+  18 

24 

-0.040 

-11 

69 

-0.040 

This  gives  some  ground  for  confidence  in  the  right- 
ascensions  south  of  the  zenith.  Bui  when  comparison  is 
made  with  the  right-ascensions  of  F.w  lows  south  of  —20° 
I  find: 

S.lf.  -  Cape  =  +0S.039   +OM30  tgh. 

Means  for  ascertaining  the  polar  deviation  of  the  transit 
of  I'm, t.ows  is  afforded  by  a  large  number  of  successive 
transits  of  p  Hydri  at  upper  and  lower  culmination.  The 
instrument  was  probably  quite  accurately  made  and  ap- 
pears to  have  been  rigid  in  all  essential  points.  In  view 
of  all  the  circumstances  it  seemed  to  me  that  these  two 
scries  of  right-ascensions  are  entitled  to  about  equal  weighl 
for  the  purpose  here  in  view. 

The  plan  of  selection  of  the  111  stars  serving  as  the 
foundation  of  the  system  both  in  «  and  8  is  that  each  star 
shall  be  contained  in  the  Catalogues  of  s.ll.  L 830,  Cape 
is:;;;,  Cape  1840,  and  Cape  L860;  though  the  rule  was 
slightly  relaxed  here  and  there  as  to  the  latter  two 
logues.  In  order,  then,  to  bring  in  the  right-ascensions  of 
FALLOWS  to  the  best  advantage,  the  term  iii  tg ,, 
S.ll.  Cape  was  divided  equally  between  the  two  cata- 
logues as  a  preliminary  correction ;  so  thai  for  the  manj 
Btars  which  Fallows  did  not  observe  the  systematic  influ- 
ence of  his  observations  is  still  felt  through  the  modified 
i  i  lii  -ascensions  of  S.  //.  32. 

Weights  and   Probable  Systematic  Error. 

A  system  of  weights  was  next  devised  through  the 
c parisons   of   each  catalogue   with   the   A.E.   standard. 

In  deciding  upon  the  weights  importance  was  attached  to 

the  probable  value  of   the  catalogue    in  a    ->     IcmatlC    sense. 
This    was   not   always    assumed    to    1"'    proportional    to    the 

value  in  a  differential  sense.     The  pracl  oi  the 


on    in    each    instance    i  '.umns 

"Wt."   in   Tabic   I.      The    number  of  ■ 
for  each   sta  i  cidedly  in  < 

and  other  catalogues,  so  that  tl 

e  authorities  in   the  computation  of  place  for  . 

idedly  greater  or  less  than  thai   given  in  the 
table  which  is  a  mean  value  for  the  11  1  stars. 
In  both  B.A.  ani  med  that  t! 

lit.     in    the 

1867.5.     The  mean   weighl  of  centennial  motion  in   I;. A. 
is   :;.l    and    in    declination    it    is   3.5.      We  have  thui 

tor  computing  the  me,  -ition 

for  any  date,  which  may  lie  regarded  as  the  relative  v. 
of  the  system  for  that  dale.     For  instance,  opposite  Cape 
.';7  (1840),  to  which  was  assigned  the  relative  t 
in  founding  this  southern  system,  we  find  in  the  columns 

"<  omp.  Wt."  as  the  weight  of  the  compute. 
position  oi  thai  date,  25  in   R.A.  and  27  in  deelinati 
which  7  units  wen-  contributed  by  Cape  ■"•7  i1 
the  systematic  uncertainty  ol   the  Standard  Catalogue  is 
nearly  twice  as  great   in   1837  and    1  si>7  as  it  is  in  1867. 
It  is  not  easy  to  express  this  uncertainty  in  numb 
the    satisfaction    oi    critical    objection.     I 
computed  the  probable  error  of  thi  t  would  re- 

sult from  the  numbers  in  Table  II.     Thus  I  find  the  prob- 
able   errors    id'     the    units    of    weight    in    Table    I    to    be 
±0'.028sec8  and   ±0".43,   respectively    in    R.A  and  deed. 
It  results  that  the  systematic  probable  errors  in  1867 
±0*.003  secS  and  ±0".04;  while  for  the  centennial  m 
the  probable  errors  are    ±0'.016  sccS  and   ±0*24.     For 

L900  the  probable  errors  of  the  system  become  ±0*. 

and  ±0".09;  and  in  1910,  ±0".007  secS  and  ±0".ll. 
sidering   anj    given    restricted    area    in    the  southern  sky 
separately,  we  may  say  that  there  is   not  quite  an  even 
chance  that   the  catalogue  at  the  end  of  this  paper  is 

cally  in  error  by  0".J  in  either  coordinate  at  the 
present  time:  while  the  chance  is  only  one  in  forty  that 
the  systematic  error  now  0".3  for  that  area. 

Tabli    I .     l'i  no  \\n  \  i  Ai.  \Yi  o.n  rs. 


R.A. 

Declination 

Wt 

(    olnp. 

Wt. 

Wt. 

Comp 

Wt. 

Cape   30 
S.ll.    30 

2 

IS 
19 

1 

21 
21 

i          :;;; 
Cape    .".7 
So.        7, 1 

7 

21 

27. 

53 

8 

.V, 

Cape    59 
Melh.  62 

;i 

SI 

;i| 

;i 

'.'I 

68 

in 

100 

'.i 

too 

Cord.  7('. 

15 

M 

17. 

s     . 

Melh.    76 

m 

SI 

7 

Cape     7('> 
Cape     SI 

s 
11 
12 

.si 

hi 

:i 
12 
14 

83 
13 
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A  difficult;  lias  arisen  in  the  use  oJ  the  Cordoba 

3.     Theinstrument  was  usually  reversed  al  thebegin- 
ning  of  eai  h  Erom  time  to  time,  the  zero  of  circle- 

graduation  was  broughl  into  a  new  relation  with  cefi 
to  the  line  of  collimation  of  the  telescope.     Th< 

o  small  systematic  differences  between  the 
declinations  of  different  years  differences  which  I  have 
carefully  investigated.     -  doubt  might  arise  as  to 

what  ought  to  be  regarded  as  the  true  mean  of  reference 
for  the  catalogue  as  a  whole.  For  the  present  purpose  1 
have  i  to  be  the  indiscriminate  mean  for  the 

observations  of  Lai  uli  E-stars,  which  is  equivalent  to  giving 
a  decid  rweight  systematical]}  to  the  declinations 

in  the  years  from  L874.0  to  1*77.0.  In  the  preliminary 
work  of  the  present  investigation  1  have  employed  small 
systematic  corrections  especially  ascertained  for  the  purpose 
of  bringing  the  declinations  of  different  years  into  harmony 
with  those  of  the  adopted  mean.  In  right-ascension,  also, 
there  is  a  decided  systematic  difference  between  the  respec- 
tive  results  for  clamp  east  and  west.  From  all  the  observed 
differences,  W.  —  K..  1  deduce  the  following  table  to  express 
the  half  difference. 

Cordoba  Right-Ascensions ;  £(W,—  E.). 


8 

KW.— E.) 

8 

i(W.— E.) 

0 

-0.006 

-30 

•  0.023 

—  5 

—0.001 

_35 

+  0.027 

-10 

+0.004 

-40 

+  0.028 

-15 

+0.009 

-45 

+0.029 

-20 

+  O.014 

-50 

+0.030 

-25 

+  0.018 

-85 

+  0.030 

If  the  above  numbers  be  applied  to  the  right-ascensions 
of  the  years  when  the  instrument  was  in  the  position, 
clamp  east,  and  with  reversed  sign  to  the  other  years, 
clamp  west,  the  systematic  differences  between  the  two  sets 
of  results  will  be  practically  extinguished.  The  star- 
positions  of  the  Argentine  General  Catalogue  which  are  of 
an  epoch  subsequent  to  the  year  1880  seem  to  be  of  inferior 
accuracy,  and  I  have  employed  them  with  diminished 
weights. 

Determination  of  the  Final  Systematic  Corrections. 

By  means  of  the  preliminary  systematic  corrections  and 
weights  described,  the  positions  of  114  principal  southern 
stars,  nearly  all  well  observed  by  Henderson,  were  com- 
puted. With  the  aid  of  this  new  standard  catalogue  the  pre- 
liminary  systematic  corrections  were  next  revised;  and  at  a 
later  stage  of  the  work  all  except  Cape  33,  Cape  84  and 
Cape 89  were  revised  again.  In  most  instances,  no  important 
alteration  in  the  systematic  corrections  resulted  from  the 
last  revisions.     In  these   revisions,  with   a  standard  cata- 


/  /. .      ■     '.Id    be 

studied;  but,  as  a  rule,    1aa  and   /n„  adopted  in  the  pre- 
liminary operations  wen-  subsequently  but  little  mo. 
Table  1 1  indicates  what  correction 
applied  to  the  preliminary  corrections  in  order  I 
the  entire  difference  between  each  of  the  separati  - 
and  the  standard  catalogues.     When   thi  d  cor- 

rections are  added  to  the  preliminary  corrections,  they  ex- 
hibit the  observed  systematic  correction  from  which  the 
adopted  corrections  of  Table  IV  were  constructed.  The 
values  of  ./.<,.  in  Table  II  are  multiplied  by  cosSin  order 
to  reduce  all  the  numbers  in  a  column  to  the  same  unit. 
These  numbers  in  Table  II  show  the  amounts  by  which 
the  discrepancies  between  the  catalogues  failed  to  be  ac- 
counted for  by  the  preliminary  systematic  corrections. 
This  exhibit  seems  to  me  quite  satisfactory,  especially  in 
right -ascension.  It  will  be  noticed  that  there  is  great  uni- 
formity in  the  values  of  JaA  cos  8  for  Cape  37;  and  this 
would  have  been  still  very  satisfactory,  even  if  Cape  o7 
had  been  discarded  in  forming  the  normal  system. 

For  the  purpose  of  computing  further  positions  of  stars, 
which,  though  well  observed  since  1855,  are  somewhat  de- 
ficient in  observations  previous  to  that  time,  I  have  thought 
it  advisable  at  this  stage  of  the  work  to  introduce  the  de- 
terminations contained  in  Aitwebs-Bradley,  1755;  Piazzi, 
1800;  Brisbane,  1825,  in  declination ;  Madras,  1835  :  and 
Cape,  1850;  and  with  the  help  of  the  normal  catalogue  of 
114  stars,  which  I  have  already  described,  I  computed  sys- 
tematic corrections  for  these  catalogues.  Bradley's  deter- 
minations cease  to  be  numerous  or  appreciably  serviceable 
south  of  —30°,  and  for  all  the  stars  of  this  paper  Greenwich 
observations  are  at  zenith-distances  greater  than  72°.  Not- 
withstanding this,  and  the  small  weight  of  the  other  cata- 
logue cited,  they  have  doubtless  added  sufficiently  to  the 
weight  of  determination  of  proper  motion  to  repay  the 
labor  spent  upon  that  section  of  the  work.  The  late 
Madras  observations,  Moesta's  Santiago  Catalogues,  the 
Washington  observations,  and  some  others  might  also  have 
been  employed.  I  considered,  however,  that  these  would 
come  iu  with  greater  economy  of  labor  at  a  later  stage  of 
the  operations,  especially  whenever  the  A.E.  system  shall 
be  made  to  apply  accurately  to  a  larger  number  of  stars  in 
the  equatorial  region.  It  is  from  these  stars  that  Jua  can 
best  be  determined ;  and  they  are  of  great  importance  in 
the  determination  of  J8a- 

Owing  to  lack  of  well  observed  standard  stars  in  the 
equatorial  belt,  special  devices  and  much  care  were  required 
in  order  to  ascertain  the  systematic  corrections  needed  for 
Cape  50.  Nevertheless  the  first  approximations  to  the 
systematic  corrections  derived  partly  by  means  of  the  114 
standard  stars  for  this  and  others  of  the  additional  cata- 
logues enumerated  did  not  seriously7  differ  from  the  final 
corrections  as  exhibited  in  Table  IV. 
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ABLE 

II.     Observed  Corbi  i  hons 

OJ     I'l.'P  I.I  Ml  N  \i.\     Stst]  HATH     COBBEl   I  i 

Cape  30. 

8.H.32. 

Cape  33. 

Cape  37. 

So.  51. 

Capi 

Me! 

8      Wt.     Ja  cos  8 

8o 

wt. 

Ja  cos  8 

8          Wt.        Jurosrt 

n 

Wt. 

8 

Wt.     da  cos  8 

8 

Wt. 

24°  18    -O.oi: 

24° 

19 

+  0.006 

24°   27      1  0*.00t 

L'l 

77     +0.007 

L'l 

27 

L'l 

66         O.QOi 

LI      is   -0*.012 

30     12     -0.0K 

28 

23 

-0.017 

30     17     +0.011 

30 

63     +0.01631 

L'l      -o.ois 

30 

07      +0.O10 

30     39   -0.019 

36     12     -0.011 

::i 

20 

-0.020 

34     22     +0.031 

35 

7:;     +0.004  38 

9 

37 

01      +0.026 

35     L'o 

42     12     —0.025 

34 

18 

-0.01! 

12     24     +0.005 

12 

42     +O.OU0  7,7 

IL           0. 

15 

66     +0.028 

43      L'O 

48     11     -0.018 

37 

17 

-0.023 

48     20     +0.000 

50 

58     +O.O1002 

L8     +0.004 

56 

66     +0.033 

59    31 

55     17     +0.004 

11 

17 

-0.008 

55     21      +0.007 

58 

54     +0.013,69 

12      -0.O15 

65 

60     +0.027  68      10       0.007 

61     11      +0.011 

44 

20 

-0.007 

59     35     +0.002 

65 

01        +0.01'. 

7  8 

12     +0.014 

70 

35      +0.004 

73     10   +0.007 

67     11     -0.028 

49 

19 

-0.005 

67     21     +0.oos 

.77 

39      f  0.017 

82 

2  1 

79     22   +0.012 

78       4     -0.020 

54 
60 
65 

26 

27 
24 

-0.015 
-0.011 
+  0.008 

77     13     +0.001 
85     16     —0.007 

85 

50     +O.OOI 

8  7 

30         0.010 

84     L'O,  +0.011 
88       4   - 2 

Melb.  68. 

70 

18 

—0.005 

( lord.  70. 

Melb.  70. 

Cape  70. 

Cape  84. 

••89. 

24     63     -0.003 

78 

9 

+0.002 

24    LOO     -0.010 

24 

49     +0.016 

L'l 

73     +0.018 

L'l 

119 

23     95  -0.007 

30     51     -0.010 

85 

7 

+  0.09 

29     52     -0.014 

29 

24     +o.oi7 

30 

56        0.013 

30 

79     +0.010 

30     86   -0.005 

36     35     +0.001 

34     32     -0.032 

35 

17      +0.015 

36 

13     -0.008 

36 

34         0.009 

36     62 

42     41      +0.002 

37    30     -0.036 

53 

20     +o.i»o  1 

42 

38     +0.005 

12 

33     -0.009 

42     55  +0.007 

48     50     -0.005 

42     52     -0.025 

59 

L'l      +0.007 

50 

52     +O.O10 

50 

65     -0.004 

;,1     85   +0.004 

54    38     -0.002 

47     38     -0.024 

67 

17     -0.006 

00 

64     -0.024 

oo 

85     +0.010 

59  106   +0.011 

59    .-,]      _0.007 

55     56     -0.027 

76 

28     —0.013 

0,7 

31      +0.003 

08 

16     +0.017 

68     27 

66     68     -0.017 

63     32     -0.028 

81 

14     -0.014 

76 

32     +0.005 

78 

30     +0.003 

77     33  +0.010 

76     55     -0.011 

68     46     -0.019 

8  1 

22     -0.006 

s;, 

38     -0.007 

,s.-, 

82     - 7 

81     41    -0.002 

82    41     -0.003 

70     97     -0.004 

88 

12      -0.004 

85     37     -0.002 

82     70     +0.001 
86     33     +0.005 

Cape  30. 

S.H 

.31. 

Cape  33. 

Cape  37. 

So.  51. 

( lape  59. 

M- 

8       Wt.        J  8 

8 

Wt, 

J  8 

S      wi.          J8 

«o 

wt.        J8 

8 

Wt.          J  3 

so 

\\t.         J8 

8      wt.         J8 

33°     1     -o".21 

24° 

8 

-o".84 

24°   20     +0.56 

24 

31      -OJ)7 

20 

15     +0.03 

LI 

11      +0.26 

LI     13     -0.35 

45       1     +0.37 

28 

8 

-0.23 

30     14     +0.38 

30 

33     -0.11 

36 

o.70 

30 

is      (-0.25 

30     12      +0.12 

57       3     -0.03 

31 

8 

-0.75 

35     13     +0.42 

36 

35     -O.i'o 

16 

9     +0.05 

37 

47      +0.13 

35      8 

66       1     -0.31 

34 

7 

-0.06 

39     19     +0.34 

12 

32     -0.32 

57 

15     +0.32 

15 

16      •  0  29 

11        9      -o.L'4 

78       1     +1.0 

37 

8 

+  0.21 

43     13     +0.02 

17 

21        -o.ll 

65 

13       +0.15 

55 

52     +0.31 

57     10     -0.48 

41 

7 

+  0.75 

48     19     -0.13 

55 

23        o.ll 

77 

5     +0.16 

03 

26      *  0.23 

68       6     -0.60 

44 

8 

+  0.42 

54     19     -0.04 

;i 

30     -o.57 

68 

29      r-0.40 

78      12      -0.47 

19 

7 

+  0.5O 

60     33     -0.07 

18 

14     -0.40 

78 

21     +0.07 

si      15     -0.19 

54 

8 

+0.25 

67     16     -0.07 

77 

12     -0.28 

S5 

29      1-0.05 

60 

8 

+  0.38 

77     11      -0.17 

85 

19     -0.10 

65 

7 

+0.34 

85     20     +o.o2 

Cape  70. 

70 

5 

+  0.83 

LI 

13        0.01 

Melb.  68. 

78 

3 

+  0.69 

Cord.  76. 

Melb.  76. 

30 

•11        -0.05 

Cape  84. 

Capi   - 

24     30     -0.17 

85 

3 

-0.01 

23     II      +0.1C, 

21 

37     -0.13 

36 

38     -0.20 

24 

51       -0.11 

24      51      +0.11 

30     28     -0.02 

27     38     +0.03 

28 

34         0.43 

IL 

44      -0.11 

10 

37         0.04 

30     10     +0.16 

37    21      +0.20 

;l     26     +0.19 

;o 

p;       0.18 

18 

38      H0.13 

16 

10 

35     30     -  0.02 

42     30     -0.31 

37    37     +o.li; 

10 

9     -   0.24 

53 

25      •  0.08 

12 

0.00 

48     35     -0.1!) 

43     17     +0.22 

57 

36        0.28 

58 

31     +0.22 

1^ 

21     +0.04 

18      21      -0.13 

55     35     +0.01 

17     14     +0.24 

17 

L9     -o.ll 

■.;: 

38     +0.28 

V, 

:::;     -0.34 

0.00 

62     50     -0.24 

52       9     +o.i'l 

70 

20     -0.10 

18 

::i       1-0.3] 

12 

:'-■        0.28 

62     17     -0.05 

70     20     -0.33 

58     1  1     +0.43 

82 

21     -0.02 

-•> 

0. 21 

71 

LI           0.17 

75     21          o.oo 

79     21     -0.17 

;.-»     17      1-0.28 

so 

20        0.03 

77 

18     +0.73 

U5 

33     -0.07 

8fi    :;:;     —0.10 

85    38     -0.02 

73     65     +0.12 
82  128     +0.11 

s:; 

87 

12     +0.83 
10      1-0.27 

Detebminatioh    OF   Kin  LL   W  t  o.n  rs. 
I  have  used  computed  weights  throughout  the  work,  -- 
b  matter  which  I  consider  o>  be  of  much  importance.     Lb 
Computing  t. In-lit.  tin-  adopted  general  principle  is  that  thnv 


is  a  certain  pari  of  the  probable  '-nor.  ,.  of  a  star-pi 
\\  hich  diminishes  us  the  reciprocal  of  the  square-rool  ■ 
number  of  observations ;  and  thai  there  is  another  ]  a 

winch  is  found  to  be  constant  whenever  the  ;■ 
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two  or  more  catalogues  are  compared.  The  latter  repre- 
Bents  constant  error  from  whatever  source.  Given  for  a 
certain  catalogue  a  series  of  discrepancies  from  an  absolute 

standard,  through  trial  of  various  ratios,        .  it.  is  possible 

with  comparatively  little  trouble  to  arrive  at  a  value  of  this 
ratio  Midi  that  the  probable  error  of  the  unit  of  weighl 
where  the  cumbers  of  observations  are  largest  for  single 
Stars  shall  be  equal  to  that,  derived  from    those  stars  which 


have    fewest    observations.      With    the   ratio 


known    it 


is  a  simple  matter  to  determine  t  and  c,  from  which  to 
construct  a  s\  stem  of  w  eights  corresponding  to  any  probable 
error  of  the  unit.  The  units  which  1  employ  are  those  which 
correspond  to  probable  errors  of  ±08.03  sec 8  and  ±0".3  in 
R.A.  and  decl.,  respectively.  In  Table  111.  owing  to  re- 
visions,  the    weights    ill    a    few   instances   differ  somewhat 

from  those  which  were  actually  adopted  iii  computing  the 

places  of  the  standard  stars  herein  given.  But  these  differ- 
ences are  unimportant,  except  in  case  of  Melb.  li.S  in  decl. 
for  which,  by  inadvertence,  weights  about  10  per  centum 
greater  than  those  of  Table  III  were  employed.  After 
completing  the  catalogue  I  tested  the  unit  of  weight  in  a 
general  way,  through  the  observed  residuals  of  105  stars 
most,  frequently  observed.  These  gave  for  the  probable 
errors  of  the  units  of  weight,  ±0.029  sec  8  and  ±0".31, 
respectively  —  thus  agreeing  almost  exactly  with  the  pre- 
dicted probable  errors  of  the  units.  That  this  is  no  mere 
accident  is  shown  by  the  following  table  which  exhibits 


the   deduced   probable  i-irnis,  arranged  in  groups  of  ten 

stars. 


(  iBSl  i:\  ED    I'.  E. 

Limits  of  8 

22  to  -24 
-25  to      30 

:;:;  to  —37 


38  to 
-40  to 

I  I     to 

-47  to 

54  to 

—61  to 

68  to 


-40 
13 

-46 
-52 
-(51 
—67 

-70 


III      I 'mis 

•  0  033sec8 

0.023  ■■ 

0.032  •■ 

0.032  •• 

0.034  " 

0.1127  " 

0.028  •• 

0.026  ■■ 

0.030  •■ 

t  0.027  " 


i    Win. in. 

f* 

o.:;i 
0.30 
0.29 
0.32 
0.27 
0.34 
0.30 
0.34 
±  0.35 


The  errors  of  the  catalogue  righttascensions  appear  to 
increase  very  nearly  in  proportion  to  sec  8.  The  gain  in 
accuracy  toward  the  higher  declinations  is  less  than  might 
have  been  anticipated. 

Since  there  is  no  absolute  standard  of  star-positions  the 
rigorous  determination  of  weights  for  each  star-catalogue, 
in  the  manner  I  have  indicated,  involves  attention  both  to 
the  character  of  the  curve  of  systematic  correction  and  also 
to  the  part  which  each  catalogue  has  in  influencing  the 
amount  of  the  residual  pertaining  to  it.  I  do  not,  however, 
offer  the  weights  of  Table  III  as  anything  more  than  fair 
approximations  to  those  which  could  be  derived.  Indeed, 
the  matter  of  weights  is  entitled  to  more  attention  than  I 
could  give  it  on  the  present  occasion.  Revision  of  the  sys- 
tem of  equatorial  stars  offers  a  better  opportunity  for  ascer- 
taining the  weights  with  precision. 


Wt. 


Table  III.     Weights  in  Right-Ascension. 

Cape33  Melb.62  Cape84 

Bradley      Piazzi     Cape30    S.H.32      Ms.  35     Cape37    Cape52      So.  51      Cape59    Melb.  76   Melb.  OS   Cord.  70  Cape  70    CapeS9 


0.05 

3  to  5 

0.1 

1  or  2 

6  to  20 

1 

2  to  4 

0.15 

21  to  90 

V 

1 

0.2 

3  to  5 

90  + 

o 

5  to  9 

1 

1  ' 

0.25 

2 

0.3 

6  to  8 

3' 

y 

10+' 

0.4 

9  to  11 

4 

3 

2 

3 

2 

1 

1 

1 

1  ' 

0.5 

12  to  14 

5 

4 

4  or  5 

3 

V 

0.6 

L5  to  21 

6 

5 

3 

6 

4 

0.7 

22  + 

7 

6 

4 

7  to  9 

5 

2 

o 

2 

2 

1.0 

8  to  16 

7  to  12 

5  or  0 

10  + 

6  to  11 

3 

3  or  4 

2 

3  to  5 

3  or  4 

1.5 

17  + 

L3to  19 

7  to  10 

12  to  24 

4  to  6 

5  or  6 

3  or  4 

6to9 

5  to  7 

2.0 

20  to  50 

11  to  1(5 

25  + 

7  to  8 

7  toll 

5 

10  to  16 

8  to  12 

2.5 

51  + 

17  to  25 

9  to  12 

12  to  19 

6  or  7 

17  to  29 

13  to  21 

3.0 

26  + 

13  to  19 

20  + 

8  to  11 

30  + 

22  + 

4.0 

20  to  39 

12  to  17 

5.0 

40  + 

18  + 

2 

3 

4  or  5 

6  to  8 

9  to  11 

12  to  17 

18  to  32- 

33  + 
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Table  III.     Weights  in    Declination. 

Cord.  76 

Bradley     Piazzi 

Brisb. 

Cape  31  S.H.81    Cape  33 

lis.  85  Cape  37  Cape  5]     So.  51    Cape  59  Melb.62  Melb.  68   onepos.    U 

1 

4  to  7 

2  to  10 

1 

2 

Stolfi 

10  + 

lor 2    lor 2 

2to4 

1 

3or4 

16  tool 

1 

5to9 

1 

5  to  9 

52  + 

3  to  9 

.",  bo  5 

L0+ 

1 

1 

2  or  3 

1 

10  to  29 

10  + 

6  to  11 

2 

1 

1 

■■ 

1 

1 

1 

30  + 

-       - 

2 

2 

:: 

2 

1 

2(5  + 

3 

4 

3 

4 

3 
i 

7  t.,  11 

2 

1 
5 

2 

- 

V 

- 

5 

.-. 

5 

20  + 

:■■ 

3 

7  to  1" 

•  » 

.    . 

6  to  12 

6  to  1  1 

(3  to  14 

1  or  5 

11  + 

13+ 

15  + 

15  + 

9  to  12 

■ 

10  to  17 

i 

13  to  17 

19  to  29 

18  + 

' 

.    . 

L8  + 

14  + 

14  + 

Opposite  the  weight  will  be  found  in  the  column  devoted 
to  each  catalogue  the  number  of  observations  to  which  that 
weight  is  assigned.  For  Cordoba  7t>  in  right-ascension  the 
weight  is  to  be  computed  for  each  position  of  the  instru- 
ment ;  in  declination  the  weight  is  to  be  computed  for  each 
year;  the  weights  so  computed  in  case  the  star  has  been 
observed  in  more  than  one  position,  or  in  more  than  one 
year,  are  to  be  added  in  order  to  obtain  the  weight  of  the 
complete  catalogue-position. 

Fur  the  northern  catalogues  it  was  necessary  to  take  into 
account  the  diminution  of  weight  with  zenith-distance. 
This  I  have  accomplished  after  a  brief  examination  of  the 
question  by  adopting  a  series  of  factors  with  which  to 
multiply  the  weights.  The  factor  unity  fur  70°  of  zenith- 
distance  was  adopted  both  for  R.A.  and  decl.  and  interpo- 
lated to  0.1  at  z  =  82°  for  R.A.;  and  to  0.1  at  -.  --  80° 
for  declination.  It  is  not  to  be  denied,  however,  that  the 
observations  at  large  zenith-distances  are  relatively  much 
more  accurate  at  some  observatories  than  they  are  at  others  ; 
so  that,  in  a  definitive  discussion  the  weights  ought  not  to 
diminish  with  the  zenith-distance  according  to  the  same 
inflexible  law  at  all  observatories  alike. 

Systematic  Corrections  —  Special  Remarks. 
The  new  standard  catalogue  of  L".i7  southern   stars,  to 
which  allusion  has  already   been  made,  afforded  the  means 
for  a  revision  of  all  the  systematic  corrections 

pe  33, Gape  84  and  Cape 89.  Especial  attention  was 
given  to  Brisb.  25.  Madras  35,  Cape  51,  I  ord.  76  and  Cape 
76,  not  only  because  t  In  re  w  ere  some  difficul!  Li 
to  those  catalogues,  but  also  because  they  contain  the  most 
valuable  material  for  the  purposes  of  general  investigation 
relating  to  stars  south  of —20°.  It  is  desirable,  however, 
to  be  in  possession  of  a  still  large:  indard 

stars   in  order  to  ascertain   still   more  accurately  the  cor- 


rections required  by  these  catalogues.  This  can  be  effec- 
tively brought  about  only  through  further  observations. 
The  curves  of  correction  have  been  drawn  with  careful 
deliberation.  In  general.  I  have  preferred  to  avoid  sharp 
inflexions  in  these  curves,  admitting  them  only  when  care- 
ful analysis  o  mony  appeared  to  warrant  it. 

There  is  a  singular  anomaly  m  the  R.A.  CUTTI 
at  —60°.     At  —  5.V  I  nave  assumed  that  the  change  i 
per  solium  ta  drop  of  —  0'.08);  that  the  correction  remains 
constant  at  — 0B.009  from  —57.    to       65   ;  and  then  that  it 

to  +0'.u5o.     I>r.  Downing  has  i 
that   there   is  an   abrupt  alteration   in   the   relation 
right-ascensions  of  (  sandS 

.nation    |  l/.Y..  Vol.  XI.VII.  pp.  447  B< 

shows  that '-this  break  cannot  be  accidental,"  though  he 
suggests  no  explanation    for   it.     The  right-as 

.  in  the  Cape  Catalogue  ol   S 
are  founded  almost  exclusive.  ■         1  >75. 

A  direct  comparison  for    /.<  between  the  stand..: 
of  297   stars  and  the  animal  volume  of  I 
tory  for  1S75.  having  41  stars  m  common  within  the  limits 
_55°  to  —65°,  results  thus :     N  v      I  ape  75  =  ^  - 
In   that  year    Mr.  StONE  employed   "the   galvanic  method, 
and  registered  [the  transits]  on  a   Bond's  Sprit  i  I 
Chronograph."      In  other  years  the  transits  were  observed 

method,  of  eye-and-ear.     It  thus  becomes  apparent 
thai  the  abrupt  alteration  in  the  curve  of  correction  is  due 
to  differences  of  personal  equation  between  the  • 
as  to  transits  of  equatorial   stars  compared   with   thi 
ation. 
For  the  r  as  of  Taylor,  Us  35,  I  adopt  the 

ctdon,     —  0'.061    +0'.080<y8.     Thi  m    be- 

observed  and  computed  corrections  is  given  in  the 
following;  wherein  the  weights  are  in  accordance  with 
Table  III  of  the  present  communication. 
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N   S.         Ms.  35    IN     RlGH  I-  \~.  1  [I8ION. 


8     \vi.  oi,-.. 

i  :,:,:,  :;  I  o!()59 

+45.8  :'.  1-0.036 

I  35.9  I  0.058 

K24.3  6  0.032 

+  1  l.s  8  0.058 

+  5.6  8  -0.054 

_  5.4  5  -   0.098 

-15.2  5  -  ii. use, 


I  ,i  055 
+0.021 
-0.003 
-0.025 

0.039 
-0.053 
-0.067 

ii. us:; 


8       Wt 

2 1 2  : 
-29.8  8 
-35.0  8 
— 41.1    10 

-17  5  7 
-53.8  6 
-  60.4  5 
-67.7  .  . 


(ii,-. 

IMI'.l7 

0.102 
0.119 

n.  1  15 
(i.l. -.7 
-0.148 
0.225 
0.26 


0.097 

ii  in? 
0.117 
0.131 

0.1  Is 
-0.170 

-0.202 
-  0.25(1 


There  seems  to  !«■  here  a  high  order  of  excellence  in  the 
systematic  sense.  I  suspect  that  the  worst  errors  in  the 
catalogue-positions  of  individual  stars  are  due  to  mistakes 
in  the  computations.  It  is  also  a  greal  disadvantage  not 
t,,  know  the  epochs  of  observation. 

Similar  remarks  apply  to  the  right-ascensions  of  PlAZZI, 
though  the  accuracy  of  individual  observations  is  doubtless 
wn  much  less  than  for  the  observations  of  Taylok.  I 
adopt  as  the  correction  tor  the  right-ascensions  of  Piazzi, 
+  0".098  +0M38  tg  8.  which  gives  a  very  fair  repre- 
sentation of  observation  from  +05°  to  —45°  of  declination. 

At  the  end  of  Table  IV,  I  give  the  correction  in  declina- 
tion for  the  Cordoba  General  Catalogue  in  separate  years. 
In  the  table  the  numbers  apply  to  the  indiscriminate  mean 
(Lacaille-stars)  as  I  have  used  it. 

In  constructing  the  standard  catalogue  of  297  stars  I  did 
not  use  the  star-places  of  Lacaille's  fundamental  catalogue 
from  fear  of  the  large  and  uncertain  systematic  errors  it 
might  contain.  The  right-ascensions  as  revised  by  Dr. 
1  ►ownj  m.  (  M.N.  XL  VIII,  322)  from  Dr.  Tow  alky's  memoir 
in  the  Report  of  the  U.S.  Coast  and  Geodetic  Survey  for 
L882  were  compared  with  the  Xormal  System  of  the  present 
standard  catalogue,  as  follows  : 

N.S.  —Lac.  1751    ra   Right-Ascension. 
8  No.  of  Stars  Jim 


-35 

19 

-0.10 

-44 

32 

+  0.05 

-56 

28 

-0.05 

-65 

28 

-0.32 

-76 

13 

-0.78 

The  corrected  probable  error  for  a  single  right-ascension 
appears  to  be  very  nearly  ±0'.17sec8,  and  this  agrees 
very  well  with  Dr.  D.owning's  suggestion.  This  would  en- 
title Lacaille's  fundamental  right-ascensions  to  a  weight 
of  0  03  upon  the  scale  of  weights  adopted  in  this  paper.  I 
have  also  made  a  rough  comparison  of  the  principal  stand- 
ard stars  with  the  declinations  of  Dr.  Downtng's  paper. 
N.S.    -L ac.  1751  (Downing)  in  Declination. 


8       No.  of  Stars 

Jh 

8     No.  of  Stars      J8ci 

-32         12 

+  1.3 

-59         7          +7.2 

-37         11 

+  2.7  . 

_63         6         +2.2 

-42         11 

+  4.7 

-68         4         +1.3 

-48         11 

+  5.2 

-77         3         -1.7 

-55           9 

+  5.8 

l,\.  \n M  's  declinations  were  obtained  with  three  differ- 
ent instruments. 

On  pages  I87to490oi  Pow alky's  memoir  (Rept.  U.S.C. 
ami  G.  Survey  for  L882)  be  gives  the  declinations  as  he 

deduced  them  directly  from    the  obscn  at  ions.      I 
with  these  declinal ions  we  have: 


\i    Mill     s 

Ski  !• 

IB     1  0:    1 

IVATION8. 

8 

\,, 

Stan 

V>.      1.. 

Formula 

15.3 

17 

+6.8 

24, 2 

15 

+  4.7 

t  i  :, 

-29.5 

15 

+  :;.l 

t  3.2 

38.5 

17 

+  0.2 

+0.9 

44.2 

L6 

0.5 

-0.5 

51.2 

19 

-1.8 

-2.3 

1  find  that  the  sector  observations  can  he  very  well 
represented  by  the  formula  of  correction,  +0".25  (42°.2+8j 
from  which  the  last  column  of  the  preceding  table  is  com- 
puted. The  hypothesis  that  the  error  of  the  sector  arises 
from  a  uniformly  progressive  error  of  graduation  from  one 
end  of  the  arc  to  the  other  seems  to  be  very  strongly  sup- 
ported. At  the  same  time,  the  probable  error  of  a  sector 
observation  appears  to  be  ±  1".8. 

Lai  ulle's  Sextant  Observations  (PbtncTel.) 


6 

15 

+  2.8 

-50 

13 

+  2.9 

19 

6 

+  .",.1 

-64 

12 

-1.0 

:;i 

9 

+  1.2 

-(',9 

11 

-2.1 

53 

9 

+  3.7 

—  77 

8 

-5.5 

I  infer  that  the  probable  error  of  a  sextant  observation 
("principal  telescope*')  is  about  ±2".0.  There  were  not 
sufficient  observations  witli  the  sextant  "attached  tele- 
scope," to  make  a  research  upon  them  worth  while. 

Referring  again  generally  to  the  systematic  correct 
as  exhibited  in  Table  IV  it  will  be  noticed  that,  with  one 
exception,  the  corrections,  Jaa  and  JSa  are  assumed  to  be 
of  the  form,  a  sin  a  +6cosrc.  Usually  this  represented 
the  groups  of  observed  residuals  with  about  the  degree  of 
accuracy  required  by  the  predicted  probable  errors.  This, 
I  think,  must  be  regarded  as  a  very  satisfactory  test  of 
the  adopted  form  of  correction.  For  Melbourne  1862, 
however,  I  have  adopted  for  J8a : 

—  0".01  sin«  — 0".22  cos«  +0".07  sin  2«  +0".26  cos2«. 
The  observations  both  north  and  south  of  —20°  appeal 

to  require  a  correction  something  like  this,  which,  in  this 
case,  represents  the  groups  as  well  as  a  hand-curve  should 
be  expected  to  represent  them.  Comparing  the  declina- 
tions of  Greenwich  with  Melbourne  62,  including  the  stars 
from  53°  to  1-13°  of  north  polar  distance,  Gylden  found 
forGr.-M(r../.N.,  V.  291)  : 

—  0".04  sin«  — 0".07  cosrt  +0".34  sin2rt  +0".40  cos  2«, 
which  bears  a  general  resemblance  to  the  formula  I  have 

I  adopted. 
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Table  1  V.     Systematic  Corrections  in    Right- Asi 

8 

Hi-.  1755 

Pi.  00 

Cape  30 

S  II.  32 

(  ape  87 

-...  :,i 

Ca] 

+  30° 

-  0*.084 

+  09.178 

— 0*040 

■  0*047 

o.o].-, 

4.  0*010 

+0*022 

+25 

-0.084 

+0.163 

0.040 

+0.037 

-O.024 

0. ! 

-  0.019 

+0.022 

-4  20 

0.084 

+  0.148 

ii  040 

+  O.O20 

-0.012 

4  0.01  1 

+0.022 

+15 

0.084 

+0.135 

0.040 

+  0.022 



_  0.016 

+0.010 

022 

+15 

+  10 

-  0.084 

+  0.123 

-0.040 

+  0.016 

-0.047 

-0.022 

+0.016 

+0.022 

+  10 

+  5 

-0.084 

+  0.110 

-0.040 

+  0.012 

-  0.054 

-  0.022 

+0.016 

o. 

+0.022 

0 

0.083 

+  0.098 

+0.028 

0.040 

+  0.010 

0.061 

0.020 

+  0.016 

2 

0 

—  5 

—0.082 

+0.086 

+0.023 

—0.040 

*  0.010 

.  0.068 

-   0.016 

I  0.016 

"2  1 

-10 

-0.082 

+  0.073 

1-0.027 

0  040 

I  0.010 

0.075 

-0.010 

+0.016 

+0.026 

-10 

-15 

-0.081 

+  0.061 

+0.031 

i 

+  0.010 

-O.OS2 

-0.002 

+0.016 

-o.ol7 

+0    - 

-15 

-20 

-0.080 

+  0.048 

+  o.o:;.-, 

-O.OIO 

+  o.oi:i 

0.090 

+  0.001 

+0.016 

+0.1 

-20 

-  25 

-0.067 

+  0.033 

+  0.039 

-0.07.0 

+0.016 

-    0.098 

+0.007 

+  0.016 

.,  026 

+0.032 

_30 

-0.046 

+0.018 

+0.04  1 

0.072 

+  0.022 

0.107 

(-0.010 

+0.011 

+0.039 

-30 

-35 

+  0.001 

+0.048 

—0.090 

*  0.024 

-0.117 

+0.013 

-0.01  1 

+0.047 

-35 

-40 

o.o  is 

+0.053 

0.090 

+0.026 

-   0.128 

+0.016 

-0.052 

-0.030 

+0.055 

-40 

-45 

-0.040 

+  0.060 

-0.094 

+  0.027 

0.1  ll 

+  0.O10 

-0.067 

+0.064 

-  17. 

-50 

+0.072 

0.109 

+0.027 

0.156 

+0.022 

-  0.067 

-0.030 

+  0.1.7:: 

-55 

+0.097 

-0.127 

+  0.027 

-  0.175 

+  0.027, 

-0.027 

-0.030 

+0.082 

—  :,.', 

-60 

+  0.12:; 

-o.l  is 

+  0.026 

-0.200 

+0.028 

-o.ol2 

0.030 

+0.083 

-65 

+  o.l  18 

0.174 

+0.025 

-0.233 

+  0.036 

_  0.010 

+0.083 

-7(1 

+  0.177. 

-0.207. 

+0.023 

-0.281 

+0.045 

-0.008 

+0.080 

—75 

+  0.200 

-0.24 

+  0  010 

+  0.054 

-0.0O6 

+  0.00(1 

'  '■ 

-80 

+0.230 

-0.21 

+0.015 

+0.062 

-0.004 

0.030 

+0.040 

-85 

-0.11 

+  0.010 

+  0.071 

0.002 

-0.030 

+0.O2O 

b 

1) 

+  0.032 

-0.015 

-0.009 

+0.020 

S 

+0.013 

+  O.O10 

+0.010 

b 
12 

1 

|  0.040 

-0.017 

-0.012 

+  0.020 

-0.011 

+  0.011 

+0.014 

+0.008 

13 

2 

f-0.045 

-0.018 



+  0.0111 

-  0.013 

+0.008 

+0.009 

+0.005 

14 

3 

3 

+  0.048 

-0.01S 

-0.015 

+  OH17 

-0.015 

I 

-  3 

+  o.o(i;; 

17, 

4 

— 

< 

+  o.ol7 

-0.017 

0.015 

1  n. m  1 

-  0.015 

+  0.001 

-0.004 

0.000 

16 

5 

p 

3 

+  0.043 

-O.Ol  1 

0.01  1 

+0.010 

0.015 

0.004 

-0.010 

—0.003 

17 

6 

03 

+0.036 

-0.011 

0.012 

■  5 

0.013 

8 

0.015 

-0.006 

18 

7 

| 

g 

+  0.026 

-0.007 

-O.O00 

-  0.001 

0.012 

-0.011 

-  0.019 

-0 

19 

8 

x 

- 

+  0.017. 

.  0.002 

_o.i  io7, 

0.006 

-0.007 

-0.015 

-0.022 

-0.010 

20 

9 

g. 

+0.003 

+0.003 

0.002 

0.011 

-0.004 

0.015 

0.024 

-0.011 

21 

10 

~ 

-0.010 

+0.007 

+  0.002 

-0.017. 

ii. in  in 

-0.016 

-  0.024 

-o.oll 

.... 

11 

-   0.021 

+0.012 

! 

—0.018 

-  0.004 

-0.015 

0.022 

-o.oll 

23 

12 

-0.032 

+  0.015 

■  9 

-0.020 

•  0.008 

-  0.013 

0.019 

—0.010 

24 

From  12'   to  '-M 

Jaa  has  the  opposite 

Table  IV.     Systematn    Corrections  i 

\    1 ;  i . .  1 1 1    \ 

SI   1  \M"\. 

8 

Melb.  62 

Melb. 

68 

Cord. 

E. 

w. 

Melb.  76 

Cape  7 

Cape  B  i 

- 

8 

+  30° 

+  08.047 

+0*043 

8 

t  niii:: 

+0*048           +0*019 

+0*040 

+  2.-, 

+0.047 

+0.043 

+o.oi.-; 

+  0.04 

1.019 

•  hi,.;.-, 

+  21 1 

+0.047 

+  o.o|o 

0.040 

(-0.041            +0.019 

+0.030 

+15 

+  n.(il7 

+0.037 

•  0.03 

i           +0.019 

+0.027 

+  15 

+  10 

+0.047 

+  0.0 

33 

+"0.019 

+0.023 

+  10 

+  .-> 

+0.047 

+  0.0 

29 

■  0  027 

i           +0.019 

+0.020 

0 

+0.047 

+  0.0 

24 

0.001 

1  0.011 

•  0.028 

+0.03 

1                +0.O1H 

+0.020 

0 

—  5 

+0.045 

+0.019           +0.006 

t  0.008 

+  0.0.-12 

+0.03 

+  0.0111 

+0.020 

-10 

+0.042 

+0.018           +O.OII 

*  0.006 

+0.035 

+0.040           +0.019 

+0.020 

15 

+0.039 

+  0017           +0.017 

1 

•  0.040 

+0.04 

+0.020 

+0.021 

-15 

-20 

+0.035 

+  0.017           +0.017 

o.oll 

+  O.OI6 

•  1 1 1 15 

1           +0.0 

+0.021 

—  25 

+0.032 

+  0.017           +0.011 

0.024 

+  0.07.0 

+0.05 

+0.020 

+0.022 

-30 

+0.031 

+  0.017           +0.004 

0.042 

+  0.07.0 

+  0.030            21 

■-0.024 

-35 

+0.030 

+  o.ol7 

0. i 

10 

I  0.050 

2 

7            +0.021 

+0.028 

—  .-;.*, 

-40 

+  0.(120 

+0.018 

0.008 

0.064 

+  0.07,0 

+0.021 

i" 

-45 

I  0.019 

+  0.0 

20 

-0.010 

0.068 

i  0.050 

+  0.07. 

:          +0.022 

15 

-50 

+  0.01.", 

+  0.010 

-0.012 

0.072 

+  0.07.0 

+0.068          +0.023 

•Tin'  clam] 

was  E.  in  1 

372, 

1875.67  to  187*7.0,  18J8 

1880,  and  1884  ;  and  W. 

in  ot hei  i ''ii -. 
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N       lis    119-450 

8 

tfelb.62 

Melb.  08 

Cord.  76 

B.                             w 

Melb.  70 

Cape  70 

Cape  -i 

1  ,,i„-  v.. 

8 

-55° 

+0.007 

+0.015 

0*016 

' 

+o".048 

t  o".oi;,s 

+0*02 

4 

+  d.o  i:; 

.-,;, 

-i;o 

+0.006 

+0.003 

-0.010 

0.07 

i           +0.037 

-  0.0091 

+  O.OL 

9 

+  0.0.-,] 

-60 

-i;.") 

+  0.022 

0.014 

0.021 

-0.081           +0.022 

i  0.050 

+  o.o: 

5 

1  III  ICO 

65 

-70 

+  0.05I  1 

0.020 

0.00! 

-0.000            +0.0O7 

+  0.040 

+0.04] 

+  11. OCS 

-70 

-7.-. 

+  0.078 

0.020 

+0.013 

-0.04 

7            _ 

0.012 

+0.030 

i  0.0 

2 

+0.06] 

-75 

80 

+  0.107 

II. (IMS 

+  0.046 

-0.014 

0.032 

+0.020 

+0.034 

+  0.049 

-80 

-85 

+0.135 

0.000 

+  0.081 

+  0.02 

1 

-0.010 

1  II. old 

+0.02 

7 

+  0.037 

85 

ii 
0 

t  0.007 

+  0.011 

+0.026 

+  0.O1U 

+  0.008 

11.000 

ii, in  in 

I, 
12 

1 

-0.002 

+  0.002 

+0.019 

+  0.O10 

+  11.110.-, 

—  O.IK 

:; 

-  0.00] 

i:; 

2 

it. (HO 

0.005 

+  0.012 

+  0.111:; 

+  0.001 

—  O.Ol 

5 

-0.002 

11 

3 

0.018 

0. in:; 

+  O.OOI 

+  0.008 

-0.001' 



7 

-0.003 

15 

4 

-0.025 

U.I  (I'll 

0.005 

+0.003 

-O.I  IOC, 

-0.009 

0.003 

16 

5 

-0.030 

0.025 

_ 

O.Ol  I 

.0.003 

O.OO'.I 

-O.OIO 

-  o.ool 

17 

6 

0.033 

0.029 

0.021 

0.007 

-0.011 

—0.010 

—0.004 

18 

7 

-0.034 

0.03J 

_ 

0.027 

-0.012 

-0.013 

—0.010 

-O.OOl 

19 

8 

-U032 

0.031 

_ 

0.03] 

0.016 

-0.014 

-O.OO'.I 

-0.003 

20 

0 

-0.028 

0.029 

0.033 

-0.018 

-0.014 

-O.Ol 

7 

i  i.i  in:; 

21 

10 

-0.023 

0.024 

— 

0.033 

-0.020 

-0.012 

-0.01 

5 

-0.002 

22 

11 

-0.015 

0.018 

0.03] 

-0.020 

-0.011 

—0.003 

0.001 

23 

12 

-0.007 

0.011 

— 

0.026 

-0.019 

-0.008 

0.000 

0.000 

24 

fAppli 

cable  from  — 

55°  to  — 

-05°.         From  12h  to  24''  Ju(1   lias  the  opposit 

e  sign. 

Table  IV. 

S\  a  ii.  math    Corrections  in 

Declination. 

8 

Br.  1755 

n.oo 

Bb.  25 

Cape  31 

S.II.31 

Cape  33 

.Ms.  :;.", 

Cape  :'.7 

Cape  .",1 

So.  51 

Cape  59 

8 

+  30° 

+1*50 

-i!io 

+1.30 

+  0".40 

+0*26 

-0.26 

+0.70 

_o!o8 

+  30 

+  25 

+  1.50 

-1.36 

+ 1.30 

+  0.50 

-0.02 

-0.13 

+0.80 

—  O.OS 

+  25 

+20 

+  1.50 

-1.62 

+  1.30 

+0.32 

-0.32 

-0.04 

+0.90 

-0.10 

+20 

+  15 

+  1.50 

-1.62 

+  1.30 

+  0.0.-, 

-0.56 

+0.06 

+  0.99 

-0.12 

+15 

+  10 

+  1.50 

-1.35 

+0.14 

+  1.28 

-0.08 

-0.68 

+  0.17 

+  1.07 

-0.16 

+  10 

+  5 

+  1.50 

-1.29 

+  0.30 

+  1.22 

-0.10 

-0.67 

+  0.27 

+  1.13 

-0.20 

+   5 

0 

+  1.50 

-1.56 

+  0.4 

+  0.44 

+  1.17 

—  0.08 

-0.61 

+  0.38 

-0.24 

+  1.16 

-0.20 

0 

-  5 

+  1.50 

-1.86 

+  0.4 

+  0.44 

+  1.09 

0.00 

-ii.. -.7 

+  11.10 

—  0.22 

+  1.14 

-0.18 

—   5 

-10 

+  1.50 

-1.96 

+  0.4 

+0.32 

+  0.96 

+  0.12 

-0.50 

+  O.40    • 

-0.13 

+  1.11 

-0.13 

-10 

-15 

+  1.50 

-1.82 

+  0.4 

+  0.16 

+  0.66 

+  0.42 

-0.50 

+  0.40 

+  0.02 

+  1.04 

-0.06 

-15 

-20 

+  1.50 

-1.50 

+  0.5 

+  0.10 

+  0.26 

+  0.78 

-0.45 

+0.37 

+  0.16 

+  0.94 

0.00 

-20 

-25 

+  1.50 

-1.04 

+  0.5 

+  0.10 

-0.05 

+  0.90 

o.:;  l 

+  0.34 

+  0.20 

+  0.85 

+  0.06 

-25 

-30 

+  1.08 

-0.50 

+  0.36 

+  0.10 

+  0.01 

+  0.86 

-0.12 

+  0.26 

+  0.15 

+  0.77, 

+  0.10 

-30 

-35 

[0.00] 

-1.39 

+  0.17 

+  0.13 

+  0.50 

+0.80 

+  0.25 

+  0.18 

+  0.10 

+  0.7O 

+  0.07 

-35 

-40 

-1.80 

+  0.13 

+  0.26 

+  1.02 

+0.63 

+  0.53 

+0.09 

+  0.14 

+  0.70 

+  0.07 

—40 

-45 

-1.60 

+  0.65 

+  0.30 

+  0.98 

+  0.43 

+  0.52 

+  0.02 

+  0.06 

+  0.70 

+  0.11 

-45 

-50 

+1.10 

+  0.26 

+  0.85 

+  0.36 

+  0.46 

-0.05 

-0.12 

+0.70 

+  0.17 

-50 

-55 

+1.10 

+  0.23 

+  0.7:; 

+  0.32 

+  0.42 

-0.11 

-0.17 

+  0.70 

+  0.22 

—  5.-, 

-60 

+  1.40 

+0.19 

+  0.71 

+  0.28 

+  0.4 

-0.17 

+  0.11 

+  0.63 

+  0.22 

-60 

-65 

+  1.74 

+  0.15 

+  0.81 

+  0.24 

+  0.4 

-0.19 

+  0.12 

+0.56 

+0.22 

-05 

-70 

+  1 .45 

+0.12 

+  0.88 

+  0.20 

+  0.4 

-0.15 

-0.10 

+  0.49 

+  0.22 

-7o 

-75 

+  0.91 

+  0.09 

+  0.76 

+  0.15 

-0.12 

-0.21 

+0.42 

+  0.17 

—  75 

-80 

+0.60 

+  0.06 

+0.49 

+  0.10 

-0.08 

-0.28 

+  ii.:;.-, 

+  0.11 

-80 

-85 

.   +0.30 

+  0.19 

+  0.05 

-0.04 

-0.28 

+  0.06 

-85 

0 

-0.18 

-0.07 

+  0.08 

+  0.50 

-0.09 

-0.23 

-0.10 

-0.06 

-0.08 

-0.02 

12 

1 

-0.04 

+  0.06 

+  0.13 

+  0.45 

-0.09 

-0.23 

-0.09 

-0.08 

-0.01 

0.00 

13 

2 

+  0.11 

+  0.19 

+  0.18 

+  0.37 

-0.08 

-0.22 

-0.07 

-0.10 

+  0.06 

+  0.02 

14 

3 

B 

+  0.25 

+  0.30 

+  0.21 

+  0.27 

-0.06 

-0.19 

-0.05 

-0.11 

+  0.12 

+  0.04 

15 

4 

E. 

+  0.37 

+  0.40 

+  0.23 

+  0.15 

-0.04 

-0.15 

-0.02 

-0.12 

+0.18 

+  0.05 

16 

5 

a 

+  0.46 

+  0.46 

+  0.23 

+  0.O2 

-0.02 

-0.10 

0.00 

-0.11 

+  0.22 

+  0.06 

17 

6 

p. 

+  0.53 

+0.50 

+  0.22 

-0.12 

0.00 

-0.05 

+  0.03 

-0.10 

+  0.25 

+  0.07 

18 

7 

| 

+  0.56 

+  0.50 

+  0.19 

-0.24 

+  0.02 

+  0.01 

+  0.06 

-I  I.I  IS 

+  0.26 

+  0.07 

19 

S 

j? 

+0.55 

+  0.47 

+  0.15 

-0.35 

+0.04 

+  0.07 

+  0.08 

-0.06 

+  0.26 

+  0.07 

20 

9 

IT 

+  0.50 

+  0.40 

+0.10 

-0.43 

+  0.06 

+  0.13 

+  0.O9 

-0.03 

+  0.23 

+  0.06 

21 

10 

+  0.42 

+  0.31 

+0.04 

-0  49 

+  0.08 

+  0.17 

+0.10 

0.00 

+  0.19 

+  0.05 

22 

11 

+  0.31 

+  0.19 

-0.02 

-0.51 

+  0.09 

+  0.21 

+  0.10 

+  0.03 

+  0.14 

+  0.04 

23 

12 

+  0.18 

+  0.07 

-0.08 

-0.50 

+  0.09 

+  0.23 

+  0.10 

+  0.06 

+  0.08 

+0.02 

24 
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5a  has  the  opposite  sign. 
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Table   IV. 

Systematk    Co 
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Melb.  62« 

Melb  68 

Melb.  76 

+  30° 

+  0.55 

1  o.l  I 

+  0.16 

_  | ,  21 1 

-0.71 

+  25 

+  0.45 

-0.0S 

-0.07 

,  |  21  1 

-0.34 

-0.71 

+20 

+0.33 

-0.15 

-0.22 

o.L'" 

-0.27 

+  20 

+15 

+  0.30 

-0.15 

-0.30 

-0.25 

-0.64 

+  10 

+  0.4(1 

-0.15 

-0.33 

0  1  1 

0.25 

-0.61 

+  10 

+  5 

+  0.68 

-0.15 

-0.33 

-0.10 

_0.26 

0 

+  0.88 

-0.16 

-6.50 

-0.33 

-o.o.-, 

0.27 

-0.55 

0 

—   ."> 

+0.93 

-0.18 

-0.  is 

-0.33 

—0.02 

-0.29 

0.52 

5 

-10 

+  0.81 

-0.24 

-0.45 

-0.36 

-0.04 

0.30 

0.49 

-10 

-15 

+0.70 

-0.31 

-o.ll 

-0.42 

-O.O'.I 

-0.30 

-0.45 

-15 

-20 

+  0.61 

-0.32 

-0.36 

0.53 

0.13 

-0.11 

- 

-25 

+0.51 

-0.34 

-0.30 

-0.63 

0.16 

0.27 

-0.36 

-30 

+0.41 

-0.20 

-0.24 

-0  66 

-0.19 

0.25 

-0.32 

-35 

+0.30 

0.24 

-0.19 

-0.64 

0.20 

-  0.21 

-0.27 

-40 

+  0.21 1 

-0.37 

-0.14 

-0.62 

-0.18 

-0.16 

0.24 

-45 

+0.10 

-0.40 

-0.08 

0  59 

-0.08 

-0.18 

-0.21 

-45 

_.-,ii 

0.00 

-0.37 

-0.02 

-0.56 

+0.02 

-  0.26 

-0.24 

:.., 

—  55 

-0.10 

-0.34 

+  0.03 

-0.53 

+0.09 

-0.33 

-0.2 

-.-,.-, 

-60 

-0.20 

-0.37 

+0.07 

0.48 

+0.16 

-0.36 

-0.20 

-60 

-65 

-0.30 

-0.40 

+  O.06 

-0.41 

+0.24 

-0.1S 

-70 

-0.33 

-0.40 

+o.o:; 

-0.32 

+0.30 

-0.30 

-0.15 

:•' 

-75 

-0.34 

-0.31 

0.00 

-0.25 

+0.44 

-0.23 

-0.11 

—  75 

-80 

0.31 

-0.21 

o.oo 

-  0. 1 5 

+0.56 

-0.15 

_o   - 

-85 

-0.16 

+  0/14      +O.IS 

-0.10 

0.00 

0.08 

+0.54 

0.08 

-0.04 

ii 
0 

-0"07 

+  0.02 

-o!o4 

+0'07 

+0.09 

b 
12 

1 

+  0.04     +0.47 

-0.06 

-0.01 

0.05 

+0.07 

+  o.os 

-0.O2 

13 

2 

-0.01      +0.38 

-0.05 

-0.0 1 

0.06 

4  0.06 

+  0.07 

-0.04 

14 

3 

-0.00     +0.23 

-0.O3 

-o.ot; 

-0.06 

+  0.05 

+  o.i  15 

-O.ll.-, 

15 

4 

-0.10     +0.06 

-0.01 

—  0.08 

—0.06 

-o.nl 

+0.03 

-0.06 

16 

5 

-0.26     -0.12 

+0.01 

-0.1  o 

0.06 

+0.02 

0.00 

-0.O7 

17 

6 

-0.27     -0.24 

+0.03 

-0.11 

-0.05 

o.oo 

-0.02 

-0.07 

18 

7 

-0.21      -0.30 

+0.04 

-0.11 

-0.04 

0.02 

0.04 

-0.07 

19 

8 

-0.09     -0.29 

+0.06 

-  -0.10 

0.02 

n  u| 

-o.n.; 

20 

9 

+0.08     -0.21 

+  0.07 

-0.09 

-0.01 

0.05 

-0.08 

_0.05 

21 

10 

+  0.25     -o.1l 

+  0.07 

-0.o7 

+  0.01 

1 

_0.09 

-0.04 

22 

11 

+  0.40     —0.02 

+  O.OS 

-0.05 

+0.03 

0.07 

0.09 

0.02 

. 

12 

+0.48  •   +0.0I 

+  0.07 

-0.02 

+  0.01 

-0.07 
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Except 

for  Melb.  62,  from  12h 

to  24    d$„  has  the  opposite  sign. 

•This  is  additional  to  tin- correction  at  p.  XXII  of  the  Catalogue. 

f  Applicable  to  indiscriminate 

mean.     Substitute,  with  advantage, 

correction  for  s 

iparate  years. 

Table   IV.     Systemath    Cokkectihn   m    C<>i:i><>ha  (!.('..   1875,   in    Declination. 

1874.0  to  1st:,. 'IT 

1873  1875.67         to  1>77.0  1-77  1878  L879  1880  ls-i 


+  25 

-0.17 

-  0.87 

-o.oo 

ii. in 

1,,i,l 

L.30 

-1.33 

-0.72 

+  20 

-0.08 

—  o.so 

-O.SO 

-0.33 

1.-7 

-  1 .22 

0  is 

+  15 

+  o.nl 

—  0.7;; 

0.70 

-0.20 

-0.77 

1.22 

-1.10 

-0.25 

+  10 

r-0.09 

—0.66 

-0.60 

0.20 

-  0.69 

-1.15 

L.03 

0.10 

+  10 

+   5 

+  0.18 

ii  59 

-0.60 

0.1  1 

0.65 

l.oi 

-0.98 

0.04 

0 

+  0.27 

0.54 

—0.60 

0.13 

ii  70 

ii  93 

0.96 

0.00 

0 

—  5 

+0.35 

0.53 

ii  60 

0  L8 

0.76 

-0.79 

-0.92 

o.oo 

-10 

+0.43 

0.51 

-0.60 

o.l' I' 

-0.78 

0  ^7 

0.00 

In 

-15 

+  0.51 

1 1  5i  i 

0.49 

-0.26     ■ 

-0.51 

0.80 

1 

-16 

-20 

+  0.59 

0.48 

0.37 

-0.29 

0.80 

0  12 

0.67 

0.00 

-25 

+  0.60 

0.47 

0  28 

0.30 

0.80 

0  10 

0.56 

o.oo 

+  O.50 

-30 

+0.46 

-0.45 

-0.25 

i .  21 1 

-0.77 

0.40 

0.51 

o.oo 

+0.66 

l 

-35 

+  0.31 

-  0.40 

-0.22 

0.04 

o.ll 

-  0.46 

0.00 

+  0.21 

-36 

-40 

r-0.28 

0.36 

0.18 

•   mis 

0  19 

0.43 

o.oo 

+  0.0 

1 

-40 

L36 

T 
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1874.0  to 

1875.61 

1872 

i-7.; 

1875.61 

i..  1877.0 

1-77 

1878 

1879 

1880 

1--1 

5 

15 

1  0*26 

0*32 

o!o9 

1  

0  iii 

ii  17 

1 1  28 

ii. on 

1  n.:.  I 

i:, 

_50 

+0.23 

0.27 

+0.01 

+0.07 

-0.30 

0.50 

—0.16 

o.oo 

—  O 

20 

\  n.17 

-60 

55 

+0.21 

0.22 

+0.09 

1  0.07 

0.20 

0.48 

—0.06 

o.oo 

—  0 

-ii 

+0.40 

55 

-60 

t  0.18 

0.18 

+0.10 

+0.1  i 

0.12 

0.46 

0.03 

o.oo 

—  O 

20 

-i  ii  32 

-60 

_65 

+0.15 

0.13 

+0.09 

t  0.1  l 

ii  06 

-0.38 

0.00 

o.oo 

-0.20 

+0.30 

-66 

-7ii 

+0.12 

0.10 

+0.08 

+0.11 

0.00 

0.00 

II,  llll 

-0 

20 

+0.30 

-70 

-75 

+0.09 

0.07 

+0.06 

+0.08 

o.oo 

0.23 

0.00 

nun 

—  7 :. 

80 

+0.06 

0.0  I 

I 

+0.06 

0.00 

-0.15 

0.00 

0.00 

-SO 

_85 

H0.03 

0.02 

+0.02 

+0.03 

o.oo 

-0.07 

0.00 

0.00 

_  86 

h 
0 

+0.11 

1  0.16 

-0.1  1 

-  0.06 

-0.17 

+  0.01 

+0.39 

L2 

1 

1  0.04 

+0.19 

-0.13 

-o.ro 

-0.25 

ii  03 

+0.29 

13 

2 

-0.03 

l  0.20 

-0.12 

-0.13 

-0.32 

-0.06 

+  0.17 

14 

3 

-0.11 

+0.20 

-0.09 

0.16 

-0.36 

-0.09 

+0.03 

15 

4 

-0.17 

+0.19 

-0.06 

-0.17 

-0.38 

-0.12 

0.10 

16 

5 

a 
a 

—0.22 

+0.16 

—0.02 

-0.18 

-0.37 

0.13 

-0.23 

17 

6 

S 

0.26 

+0.12 

+0.02 

-0.17 

-0.34 

-0.14 

0.34 

18 

7 

s 

0.28 

+0.08 

+0.05 

-0.15 

-0.28 

-0.14 

-  0.43 

19 

8 

5' 

-0.28 

+0.02 

+  0.08 

-0.12 

-0.21 

-0.12 

-0.50 

20 

9 

-0.26 

-0.03 

+  0.11 

-=-0.08 

-0.12 

-0.10 

-   0.52 

21 

10 

-0.23 

-0.08 

+0.13 

-004 

-0.02 

-0.07 

-0.51 

22 

11 

-0.18 

-0.13 

+  0.11 

+  0.01 

+  0.1  IS 

n. .i| 

-0.47 

23 

12 

-0.11 

-0.16 

+  0.11 

+  0.06 

+  0.17 

—0.01 

-0.39 

24 

The  Standard  Catalogue. 

In  the  Catalogue  of  Southern  Standard  Stars  which  fol- 
lows at  the  end  of  this  article  I  have  introduced  some 
features  not  ordinarily  found  in  connection  with  similar 
publications.  In  the  columns  immediately  following  the 
right-ascensions  and  declinations  for  1900  are  to  be  found 
the  computed  weights  of  those  quantities.  The  probable 
error  of  the  unit  of  weight  for  R.A.  is  ±0S.03  sec  8,'  and 
for  declination,  ±0".3.  In  the  columns  next  after  the 
annual  variations  are  to  be  found  the  weights  of  ten  times 
the  annual  variations,  —  i.e.  of  the  animal  variation  for  ten 
years.  Thus  the  weights  of  the  centennial  variations  are 
found  by  dividing  those  numbers  by  100.  In  the  last  four 
columns  of  the  catalogue  are  given,  respectively :  The 
epoch  at  which  the  right-ascension  is  supposed  to  be  inde- 
pendent of  an  error  in  the  adopted  annual  variation;  in 
the  next  column  is  given  the  weight  at  that  epoch  ;  in 
the  next  two  columns  are  the  corresponding  quantities 
for  declination.  Thus  we  have  the  means  for  comput- 
ing the  weight  of  a  catalogue-position  at  any  epoch.  To 
avoid  misunderstanding  I  append  a  practical  illustration 
of  the  meaning  of  these  quantities.  The  epoch  of  the 
right-ascension  of  «  Phcenicis  (No.  1)  is  1869,  and  the  weight 
of  R.A.  at  that  epoch  is  12.  The  weight  of  the  .decennial 
variation  is  45.  Up  to  1900  3.1  decades  elapse  and  the 
weight  of  the  variation  from  1869  to  1900  is,  therefore, 

45 

(o.iy 

ascension  for  1900  is 


=   4.68. 


Obviously,   then,    the    weight    in    right- 
4.68x12 


4768  +  12  =  3-4'  This  1S  alS0  the 
weight  of  the  right-ascension  of  this  star  for  1838,  and  cor- 
responds to  a  probable  error  of     ±09.016  sec 8  =   ±0*.024. 


All  the  catalogue-positions  are  the  result  of  careful  solu- 
tion by  least-squares;  and  in  computing  the  weights  given 
in  the  catalogue  it  was  considered  best  to  take  these  as  they 
resulted  from  the  normal  equations,  and  without  reference 
to  the  special  probable  error  deduced  for  each  particular  star. 

The  proper  motions  are  given  for  the  epoch  1900.  Fol- 
lowing the  proper  motions  is  a  column  giving  the  variations 
of  the  proper  motions  for  a  century  in  units  of  the  fourth 
decimal  place  for  R.A.  and  of  the  third  decimal  for  decli- 
nation. For  example  :  The  proper  motion  in  right-ascension 
of  /?  Hydri  for  1900  is  +0S.7024  and  its  centennial  variation 
is  _ 0".0321 ;  so  that  the  proper  motion  for  1840  was 
+  0-.7217. 

The  positions  of  a  Centauri  and  a  Cruris  are  not  found 
in  this  catalogue.  Each  is  deserving  of  continued  obser- 
vation ;  but  the  predicted  place  of  each  must  be  the  subject 
of  more  careful  attention  than  is  practicable  in  a  work  of 
this  kind.  It  is  very  doubtful  whether  the  older  observa- 
tions of  c  '  'rucis  are  entitled  to  much  confidence, — especially 
in  right-ascension.  The  effect  of  the  comparatively  close 
and  bright  components  of  that  star,  as  seen  in  small  tele- 
scopes, must  be  very  confusing  as  to  transits. 

As  previously  explained,  the  catalogue  at  the  end  of  this 
paper  is  part  of  a  larger  catalogue  of  297  stars  computed 
to  serve  as  a  basis  for  the  accurate  determination  of  syste- 
matic corrections,  not  only  for  published  observations 
generally,  but  also  for  the  differential  observations  in  pro- 
gress here  within  the  belt  of  sky  bounded  by  the  parallels 
of  declination,  —22°  to  —37°.  The  criterion  of  selection  for 
the  179  stars  of  this  communication  is  that  the  weight  of 
the  right-ascension  for  1900  shall  be  not  less  than  3.0. 
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Comparison  with  Newcomb's  New  Standard  Catalogi  i 

I  have  compared  the  standard  catalogue  of  297 
N.S.,  with  Professor  Newcomb's  catalogue,  X,  in  the  Ameri- 
can Ephemeris  for  1900.     There  are  only  3  stars  in  Pro- 
fessor Newcomb's  list  which   are   to   be   found   bel 
—31°  to  —57°,  and  none  between  —34°  and  —47°. 
N.S.  -  N. 


Ja 

-o!o2i 

-0.019 

+  (i.ikk; 
+  0.025 
+  0.013 
+  0.135 


J,, 

_  0*0003 
-0.0003 

+  li.ii(K(4 
+  00015 

+  n. it ; 

+  0.0036 


-23 
-29 
-58 
-70 
-79 
-84 
•    Comparison  with  the  Catalogue  of  Dk.  Ai  webs. 

There  are  229  stars  in  common  with  this  work  and  that 
of  Dr.  Auwers  in  A.N.'  3431-32. 


JS 

-o'.32 
-0.15 
-0.05 

-0.22 
+  0.09 
+  0.21 


■V 


No.  of 
Stars 


-O.OOl 

8 

+  0.001 

12 

-0.003 

7 

-0.011 

9 

r-0.004 

10 

^  0.003 

7 

Decl.  limits 
-20°  to  —21 


N.S. 
No.  Stars 


A. 


J„ 


25  to 
30  to 
35  to 
40  to 
45  to 
50  to 
55  to 
60  to 
65  to 
70  to  75 
75  to  80 
-80  to  -89 


30 
35 
40 
45 
50 
55 
60 
65 
70 


16 
23 
23 

21 
26 
24 
17 
20 
16 
18 
7 
10 


+0.00S 
0.019 
0.021 
0.025 
0.034 
0.027 
0.039 
0.023 
0.021 
0.024 
0.041 
0.022 

+  0.086 


z/aj  etc. 

J/J. 

+o!oooe 

0.0010 

0.0(101) 

0.0012 
0.0011 

o.ooos 

0.0012 
O.ooll' 
0.0013 
0.0016 
0.0015 
+  0.0022 
0.000 


JS 

o.i'O 

0.22 

0.20 

0.02 

0.30 

0.12 

0.17 

0.30 

-0.10 

+  0.04 

0.12 

+0.33* 

0.00 


J,,' 

-0.006 

0.004 
o.oos 

O.OOl 

0.010 

O.OOS 

0.006 
0.011 

0.007 

0.002 
0.002 
0.000 
0.004 


*+0".25  if  the  declination  of  a  Apodis  be  rejected. 

After  correcting  for  differences  of  the  form  /«,*,  &C,  the 
outstanding  differences  were  arranged  in  order  of  right- 
ascension.  The  right-ascensions  and  their  motions  were 
separated  into  two  general  sections;  —20°  to  —45  and 
_45°  to  —70°.  It  was  found  that  the  law  of  daa  and 
z//xa  is  not  materially  different  for  these  two  sections,  and 
they  were  consolidated.  The  group  of  higher  declination  re- 
ceived one-half  the  computed  weight.  Following  is  a  sum- 
mary. 

N.S.  -  A.     Jaa,eta. 


R.A. 

No.  Stars 
a     8 
14-15 

Ja,( 

-Va 

J8a 

va 

b 

1 

+  o!019 

+  0.0OOS 

I  o.ls 

1 15 

3 

k;  is 

0.011 

0.0004 

+0.02 

+  0.001 

5 

10    17 

t  0.006 

+  O.OOOI 

0.05 

O.OOl 

7 

20  21 

-0.001 

-0:0001 

O.OI 

0.002 

9 

IS    10 

+  0.001 

o.ooo:; 

O.OI 

0.001 

11 

11    L5 

-0.013 

o.oooi 

0.17 

o.oos 

13 

17  20 

0.010 

—  0.0002 

-0.07 

oool 

15 

20  21 

0.003 

+  0.0001 

+  0.12 

|    0.00.", 

17 

30  :;i 

-0.010 

0.0001 

-0.11 

-0.002 

19 

15-17 

+  0.007. 

+  0.0OO2 

0.00 

+0.002 

21 

11-11 

0.002 

11.0000 

1  0.06 

0.001 

23 

ic.  ic, 

+  0.000 

o.oooo 

1  0.10 

t    O.OOl 

The  concluded  systematic  differences  are  given  in  the 
next  following  statement.  Adding  them  to  the  correspond- 
ing quantities  of  Dr.  Auwkrs,  there  should  be  systematic 
harmony  with  the  results  of  the  present  paper. 


Deduced  Systematic  Corrections, 

Ja,(      Ju,j 


N.S.  -  A. 

J  8,i    Ju't 


-20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80  - 


0.038 
0.041 
0.044 
0.045 
0.043 
o.oil 
0.043 
0.050 

O.OOl.' 

0.074 
0.083 
0.093 

o.lo:; 


+0.010 
0.01  l 
0.020 
0.025 
0.029 
0.031 
0.031 
0.028 
0.024 
0.023 
0.026 
0.027 

+0.029 


+0.1 7 

0. is 

0. 9 

0.0010 
0.0010 
0.0010 
o.oolo 
o.ooll 
0.0012 
0.001  1 
0.0016 
0.0017 

+0.0019 


+  O.10 

0.15 
0.15 

o.l  l 

0.36 
0.45 
0.37 
0.37 
0.30 
o.i':; 
0.19 
0.12 
+  0.06 


-0.26 
0.24 
0.20 
0.14 
0.16 
0.17 
o.l  1 

o.l'o 

0.16 
-0.05 
+0.06 

0.12 

0.12 

+  0.00 


-0. i 

O.ooO 

0.005 

o.ool 

0.006 

O.OOS 

O.oos 
o.oos 
o.oos 

0.005 
0.002 

—  ll.OOl 

0. 

o. 


Jaa    =    +0.003    sin«     +0.010    cos  u 
/lixa   =    -0.0000  sin  a      +0.0003  i 

J8a   =    —0.02      sin «     +0.09      eosrc 
zVa  =    —0.002    sin  a     +0.002    cos  <t 

Several  of  the  individual  differences  N.S.  —  N.  are  larger 
than  one  would  have  expected  from  different  metho 
treatment.     Much  the  largest  is  for  y  Sagittarii;   N.S.  —  N 
=   +1".92  ;   N.S.  — A  =   -0".22.     The  next  1. 
for  pOctantis;  N.s.-N  =  +1".05. 

following  are  large  differences  between  the  positions  of 

1  >r.    \i  WERS  and  ni\    o\\  u. 

Iniuxiih  m.  Differences:     N.S.— A. 


SI  .i 

Ju 

4u 

J8 

j.' 

ip  I'/i'i  nicis 

.   . 

0  Eridani 

+  0.119 

+0.0026 

Br.  590 

-  0.054 

0. 16 

1,  3259 

+0.092 

+0.0026 

1..  1212 

-   0.94 

-0.033 

in  ( 'arinae 

-0.1  lo 

-0.0036 

<<    ApQCliS 

+1.20 

+0.023 

X  Llll'i 

-0.O7O 

-O.OOOO 

A  l'n, 

: 

+0.028 

1    have    been    efficiently    aided    in    this    investigation   by 
Assistants  ArTHI  k  J,  Kov  and  Win  iam  B.  Vakm  m  :  and 
I  ha\  e  again  to  express  my  profound  acknowled) 
assistance  in  this  and  similar  work  by  appropria 
the  Bache  Fund  of  the  National  Academj 


i:;s 
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jjoa.  44g_449_450 


No. 

Name 

Mag. 

R.A.  r. 

Wt. 

An.  Var. 

Wt. 

100 

Prec. 

f 

-if 

1 

£  Phoenicia 

3.8 

o"  4  20.216 

3 

+ 

3.0563 

15 



0.0287 

+  3?0462 

+  O4I101 

2 

1,  9766 

5.6 

5  30.278 

5 

2.8012 

47 

0.1918 

2.8192 

-0.0181 

+    14 

3 

J  Tucanae 

4.1 

1  l  51.758 

4 

3.1555 

51 

O.O001 

2.8830 

+0.2725 

-   62 

4 

l'i  Bydri 

2.7 

20  30.058 

11 

3.2220 

152 

o.l  181 

2.5100 

+0.7024 

-321 

5 

,i  Phoenicia 

2.4 

21  20.501 

3 

2.9740 

58 

0.0228 

2.0571 

+  0.0166 

-     3 

6 

jil  Tucanae 

4.3 

26  57.673 

4 

+ 

2.7075 

55 

— 

0.0442 

+  2.7579 

+0.0096 

-     2 

7 

jL  Phoenicia 

4.7 

36  36.040 

4 

2.8438 

21 

0.0226 

2.8476 

-0.0038 

8 

«  Sculptoris 

4.2 

53  47.234 

5 

•j.  so:::; 

75 

0.0098 

2.8940 

-0.0007 

9 

/i  Phoenicis 

3.3 

1     1   37.269 

5 

2.6830 

80 

0.0179 

2.6885 

-0.0055 

10 

f  Phoenicis 

4.2 

4   10.967 

4 

2.5303 

56 

0.0216 

2.1 5294 

+  o. 9 

11 

■y  Phoenicis 

3.4 

24     1.383 

4 

+ 

2.6095 

78 

_ 

0.0125 

+    2.0127 

-0.0032 

12 

a  Eridani 

1.0 

33  59.438 

9 

2.2394 

150 

0.0129 

2.2282 

+0.0112 

-     2 

13 

«  Sculptoris 

5.4 

40  57.736 

4 

2.8111 

53 

0.0037 

2.8002 

+  0.0109 

14 

Y  Eridani 
u  Hydri 

3.9 

52     3.071 

4 

2.3377 

55 

o.oi  (96 

2.2050 

+0.0718 

-     6 

15 

2.9 

55  37.082 

5 

1.SS07 

70 

0.0034 

1.8546 

+  0.0351 

-     5 

16 

q  Eridani 

3.5 

2  12  56.185 

3 

+ 

2.1443 

53 

_ 

0.0042 

+   2.1358 

+  0.0085 

17 

k  Fornacis 

5.4 

17  57.962 

3 

2.7443 

21 

— 

0.0007 

2.7314 

+0.0129 

18 

8  Hydri 

4.1 

19  58.077 

3 

1.0540 

48 

+ 

0.0290 

1.0637 

-0.0097 

+     2 

19 

0l  Eridani 

3.7 

54  28.191 

3 

2.27  1:; 

45 

— 

O.OOOl 

2.2704 

-0.0051 

20 

Br  434 

4.1 

57  58.965 

4 

2.0445 

60 

+ 

0.0017 

2.6552 

-0.0107 

21 

6  Hydri 

5.8 

3     2     2.792 

6 

+ 

0.0916 

04 

+ 

0.0713 

+  0.0857 

+0.0059 

•<■) 

a  Fornacis 

3.6 

7  49.342 

5 

2.5460 

S2 

o.ooi  0 

2.5226 

+  0.02:;  1 

+     3 

23 

Br  469 

3.4 

15     4.060 

5 

2.0071 

78 

+ 

0.0027 

2.0041 

+0.0030 

24 

L  1060 

4.4 

15  56.029 

4 

2.3933 

32 

— 

O.OOOl 

2.1171 

+  0.2702 

-  12 

25 

Br  495 

4.5 

29  22.213 

5 

2.0  1S7, 

103 

+ 

0.0030 

2.6458 

+  O.0027 

26 

Br  530, 

3.9 

42  32.00.", 

5 

+ 

2.5791 

76 

+ 

0.0026 

+   2.5918 

-0.0127 

-     3 

27 

L  1248 

4.1 

45  42.7H0 

3 

+ 

2.2111 

34 

0.0025 

+   2.2  is.", 

-O.OOll 

28 

y  Hydri 

3.2 

48  47.072 

10 

— 

0.9793 

119 

0.1071 

-   0.9015 

+  0.0122 

2 

29 

8  Reticuli 

4.7 

57     9.623 

3 

+ 

0.9389 

57 

0.0195 

+  0.9397 

—0.1 8 

30 

8  Mensae 

5.8 

4  24  43.862 

3 

- 

4.1S75 

23 

0.2700 

-   4.1051 

+  O.0070 

+   12 

31 

a  Doradus 

3.1 

31  50.128 

4 

+ 

1.2932 

68 

+ 

0.0098 

'  +   1.2864 

+0.0068 

32 

t  Leporis 

3.1 

5     1  13.648 

6 

2.53SS 

73 

0.0032 

2.5370 

+0.0018 

33 

a  Columbae 

2.5 

36     1.656 

10 

2.1714 

151 

0.0027 

2.1716 

—  0.0002 

34 

y  Columbae 
k  Columbae 

4.5 

53  59.481 

3 

2.1201 

53 

0.0021 

2.1267 

—  0.0006 

35 

4.8 

6  12  59.660 

3 

2.1337 

49 

0.0022 

2.1345 

—0.0008 

36 

£  Can.  Maj. 

3.2 

16  28.435 

5 

+ 

2.3023 

88 

+ 

0.00  10 

+   2.3023 

0.0000 

37 

it  Carinae 

0.4 

21  43.886 

10 

1.3309 

156 

0.0009 

1.3295 

+  0.001  i 

38 

Br  972 

4.8 

30  51.868 

5 

2.5140 

71 

o.ooi.-, 

2.5136 

+  0.001  U 

39 

v  Puppis 

3.5 

34  42.124 

4 

1.8362 

73 

0.0014 

1.8357 

+  0.0005 

40 

k  Can.  Maj. 

4.0 

46     6.343 

4 

2.2  107 

68 

0.0014 

2.2417 

—0.0010 

11 

a  Pictoris 

3.5 

47     9.889 

3 

+ 

0.0170 

53 

_ 

0.0050 

+  0.6287 

—0.0108 

+     7 

42 

t  Puppis 

3.2 

47  27.294 

3 

+ 

1.1  sso 

35 

0.0006 

+   1.4800 

+0.0029 

43 

£  Mensae 

5.8 

48  22.345 

4 

— 

4.9208 

33 

— 

0.1540 

-    4.01  OS 

—  O.00  |o 

+   20 

44 

e  Can.  Maj. 

1.8 

54  41.722 

11 

+ 

2.:;;,;.-, 

138 

+ 

0.0013 

+  2.3576 

—  O.OOOl 

45 

<t  Can.  Maj. 

3.6 

57  -14.(101 

3 

+ 

2.3891 

68 

+ 

0.0012 

+   2.3904 

-O.ooi:; 

16 

8  Can.  Maj. 

it  Puppis 

2.1 

7     4   10.507 

8 

+ 

2.4392 

103 

+ 

0.0011 

+  2.4397 

— 0. 15 

47 

•  •  - 

13  30.0  is 

4 

+ 

2.1184 

76 

+ 

0.0011 

+   2.1107 

—  O.ooi  3 

48 

8  Volantis 

4.1 

16  52.936 

3 

_ 

0.0160 

46 

— 

0.0252 

-  0.0164 

+0.0004 

49 

7;  Can.  Maj. 

2.9 

20     8.398 

5 

+ 

2.3729 

90 

+ 

0.0011 

+   2.3735 

_  O.0000 

50 

<r  Puppis 

3.5 

26     3.406 

3 

+ 

1.0O2.-, 

49 

+ 

0.0008 

+  1.9088 

_o.ooc,3 

+     2 

51 

Br  1120 

4.2 

39  47.590 

4 

+ 

2.4074 

49 

+ 

0.0011 

+   2.4087 

-O.ooi:; 

52 

L  2958 

3.6 

41  41.483 

3 

+ 

2.1362 

38 

+ 

0.0012 

+  2.1387 

—0.0025 

53 

L3911 

'7.8 

53     1.877 

7 

_ 

14.2397 

98 

— 

16.8841 

-44.2137 

—0.0260 

+   53 

54 

X  Carinae 

3.7 

54  14.150 

5 

+ 

1.5200 

74 

— 

0.0030 

+   1.5306 

—0.0046 

55 

£  Puppis 

2.5 

8     0     4.176 

4 

+ 

2.1070 

70 

+ 

o.ooi:; 

+   2.1110 

-0.0031 

56 

p  Puppis 

3.2 

3  17.000 

10 

+ 

2.5511 

109 

+ 

0.0010 

+  2.5612 

-0.0071 

57 

y  Velorum 

3.0 

6  27.07.". 

4 

_ 

1.8497 

79 

0.0000 

1.8501 

—0.0004 

58 

L3259 

4.7 

14  48.675 

3 

+ 

2.2434 

59 

+ 

0.0020 

2.2543 

-0.01 00 

59 

c  Carinae 

2.1 

20  -27.754 

5 

+ 

1.2362 

97 

_ 

0.0087 

+  1.2393 

-0.0031 

60 

6  Charcael. 

4.7 

23  38.571 

4 

- 

1.7246 

30 

- 

0.1650 

-   1.6782 

-0.0464 

-  10 

Nos-  448-449-4.50 
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Nil 

Decl.  1900 

Wt. 

An.  Var. 

Wt. 

ioo 

d-'8 

Prec. 

-V 

Ep-a 

Wt. 
at  Ep. 

EpM 

Wt. 

1 

-46°  17  57.49 

3 

+19.839 

29 

-0.017 

+20.048 

-0.209 

69 

12 

72 

10 

o 

82  46  48.35 

5 

20.025 

67 

0.018 

20.046 

0 

7:; 

31 

23 

3 

65  27  45.10 

3 

21.158 

29 

0.038 

20.010 

+1.148 

0 

71 

15 

75 

12 

4 

77  49     2.68 

6 

20.288 

84 

0.049 

19.972 

+0.316 

+  2 

67 

53 

<;7 

27 

5 

42  50  56.78 

3 

1  '.1.555 

18 

0.049 

L9  965 

-0.410 

0 

64 

12 

10 

6 

-63  30  32.91 

3 

+19.851 

35 

0.058 

+19.913 

-0.062 

0 

67 

15 

73 

11 

7 

46  38     3.08 

3 

19.755 

21 

0.075 

19.797 

-0.042 

7-; 

10 

77 

9 

8 

29  53  52.7.S 

3 

19.489 

37 

0.106 

L9.502 

-0.013 

67 

16 

71 

11 

9 

47  15  15.86 

3 

19.303 

36 

0.112 

19.332 

-0.029 

65 

18 

71 

13 

10 

55  46  49.61 

3 

19.278 

29 

0.110 

19.271 

+  0.00; 

66 

13 

10 

11 

_4:;  49  50.18 

3 

+  18.491 

55 

-0.141 

+  18.719 

-0.228 

62 

14 

66 

12 

12 

57  44  41.17 

5 

18.343 

81 

0.139 

18.389 

-  0.046 

-  1 

38 

22 

13 

25  33     8.49 

3 

L8.075 

23 

0  L83 

18.138 

-0.063 

69 

12 

77 

10 

14 

52     6  24.17 

3 

17.971 

21 

0.172 

17.702 

+0.269      -  5 

68 

12 

76 

9 

15 

62     3  23.24 

4 

17.571 

58 

o.l  i:; 

17.551 

+0.017 

_  2 

65 

21 

16 

16 

_51  58  30.54 

3 

+  16.727 

38 

o.l7S 

+16.772 

-0.045 

66 

13 

7o 

11 

17 

24  16  14.38 

3 

16.462 

23 

0.235 

16.527 

-0.065 

79 

12 

78 

10 

18 

69     6  52.52 

3 

16.422 

33 

0.094 

16.427 

-0.00.-, 

+   1 

66 

15 

7o 

10 

19 

40  42  19.02 

3 

1  1.538 

43 

0.234 

14.517 

67 

12 

65 

11 

20 

24     0  59.10 

3 

14.251 

48 

0.275 

14.303 

-0.052 

69 

10 

71 

9 

21 

-72  17  34.94 

5 

+14.058 

40 

-0.016 

+14.052 

+  0.001; 

7o 

26 

71 

1:1 

22 

29  22  52.10 

4 

14.339 

45 

0.280 

13.687 

+0.652 

-  3 

66 

15 

7" 

12 

23 

22     7  18.19 

3 

L3.254 

42 

0.298 

13.217 

+0.037 

69 

13 

65 

g 

24 

43  27     8.63 

4 

13.895 

37 

0.295 

13.  ICO 

+0.735 

-20 

74 

14 

7:; 

13 

25 

21  58     5.61 

3 

12.219 

51 

0.310 

L2.251 

-0.032 

62 

13 

7o 

8 

26 

-23  32  42.43 

5 

+10.783 

44 

-0.314 

+11.318 

-0.535 

+  1 

68 

12 

70 

to 

27 

36  30  11.29 

3 

11.030 

24 

-0.277 

11.089 

-0.059 

71 

12 

75 

In 

28 

74  32  44.01 

5 

10.971 

64 

+  0.114 

10.  set 

+0.107 

_  2 

69 

46 

69 

21 

29 

61  4(1  57.75 

2 

10.205 

29 

0.122 

L0.240 

-0.035 

62 

12 

7o 

- 

30 

80  26  53.65 

3 

8.160 

22 

+0.554 

8.098 

+  0.062 

-  1 

76 

21 

75 

15 

31 

—  .">.->  15     6.15 

3 

+    7.51o 

43 

0.179 

+   7.525 

-0.015 

62 

14 

66 

11 

32 

22  30  19.12 

5 

5. i 

49 

0.360 

5.086 

_oo.so 

6S 

25 

71' 

L8 

33 

34     7  38.78 

5 

2.049 

73 

0.316 

2.093 

0.04  1 

66 

48 

.:■ 

34 

35  17  38.20 

3 

+  0.525 

40 

0.310 

1    0.526 

1 

<;:, 

12 

67 

;• 

35 

.35     6  25.80 

3 

-    1.063 

41 

0.310 

-    1.136 

+  0.07;; 

66 

13 

- 

10 

36 

-30     1     8.30 

4 

-   1.444 

58 

-0.334 

1.440 

-0. 

62 

IS 

- 

13 

37 

52  38  27.1(1 

5 

1.899 

81 

0.193 

1.899 

0. 

65 

12 

66 

23 

:;s 

22  53     7.71 

4 

2.680 

48 

0.362 

2.692 

+  0.012 

69 

12 

76 

9 

39 

43     6  .".o.ol 

4 

3.050 

57 

0.264 

3.025 

-0.025 

64 

16 

66 

1  1 

40 

32  23  34.64 

3 

L012 

13 

0.318 

1.007 

-o.oo.-. 

r,r, 

15 

70 

11 

41 

-<;i  5D    2.10 

3 

3.846 

..■> 

0.085 

• 

+0.252 

+   2 

65 

15 

75 

9 

42 

50  29   ll.ni 

2 

4.219 

20 

-0.211 

1.122 

oo'.i: 

72 

10 

7<; 

8 

43 

so    11'  29.16 

3 

4.118 

22 

+0.704 

1.201 

+0.083 

+    1 

71 

29 

75 

20 

44 

28  5<>     9.43 

6 

1.7  16 

75 

0.332 

1.710 

-0, i 

69 

51 

! 

26 

15 

27    17  29.78 

3 

5.006 

16 

0.335 

I  998 

8 

63 

10 

69 

9 

46 

-20  14    :;.71 

6 

5.554 

64 

-0.339 

5.55  l 

0.000 

70 

23 

72 

17 

47 

36  55     i.:;t 

3 

6.333 

62 

0.290 

6.330 

-o.oo:; 

62 

17 

63 

15 

48 

07  46  26.94 

2 

6.607 

20 

6.601 

-0.006 

67 

11 

7:; 

10 

19 

29    6  28.83 

1 

6.870 

65 

0.322 

6.870 

0.( 

63 

20 

64 

15 

50 

43    ."-  56.35 

3 

7.17S 

38 

0.254 

7.354 

1  0  L76 

+   1 

66 

13 

67 

51 

-28   12  56.71 

3 

-     8  169 

27 

0.315 

-   8.458 

-0.011 

72 

13 

76 

11 

52 

:;:    13  32.67 

3 

8.610 

36 

0.278 

0.002 

11 

v 

53 

88  34  24.81 

."■ 

9.482 

59 

9.493 

+0.011 

+  3 

29 

70 

21 

:,l 

52   12  50.99 

4 

9.578 

53 

0.191 

9  586 

+0.008 

69 

1  1 

7o 

13 

55 

39   13  17.25 

1 

10.029 

59 

0.261 

L0.031 

+0.002 

65 

16 

13 

66 

-•-•I     0  57.35 

5 

-10.234 

67 

0.315 

-10.274 

+0.040        .    . 

7o 

lo 

70 

57 

17     2  31.02 

3 

L0.526 

61 

0.225 

10.511 

0.016 

62 

18 

13 

58 

36  20  57.70 

3 

11.039 

10 

0.266 

11.127 

63 

14 

66 

10 

59 

59   11    15.  so 

3 

1  l  533 

is 

0  i  1. 

11.536 

+0.002 

61 

20 

11 

60 

77     9  43.22 

4 

11.745 

30 

+  0.214 

11.761 

+  0.016 

+  6 

76 

27 

74 

18 

110 
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No. 

Name 

Mag. 

R.A.  1900 

Wt. 

An.  Var. 

Wt. 
100 

Prec. 

f 

J„ 

61 

8  Velorum 

2.2 

h       in      i 

s   ii   66.525 

5 

+    1.6570 

70 

-    o'ooll 

+  L6556 

+  o"oom 

62 

l.  :;<i39 

5.5 

;.i  ;;i.542 

:: 

1.4688 

;,;; 

0.00.-.  I 

L.4724 

—0.0036 

63 

a  Vblantis 

1.2 

0     o  52.061 

.". 

0.9547 

11 

—  0.0224 

0.9580 

—0.0033 

-     4 

64 

A  Velorum 

2.5 

4  19.048 

5 

+  2.2044 

87 

+  0.0046 

+  2.2072 

—0.0028 

65 

£  Octant  is 

5.7 

11   14.820 

1 

_  7.8511 

35 

-  1.6255 

-  7.761  1 

—0.0897 

-   47 

66 

/J  Carinae 

2.0 

12    6.284 

5 

+    0.6760 

86 

_  0.0358 

+  0.7060 

-  0.02:1 1 

-     3 

(17 

i  ( larinae 

2.5 

14  24.746 

7 

1.6055 

101' 

_  0.0023 

1.0090 

-0.004  1 

68 

$  I'yxidis 

5.2 

17     3.861 

3 

2.6519 

50 

+  0.0035 

2.6559 

-0.0040 

69 

k  Velorum 

1.7 

19     0.973 

5 

L.8553 

68 

0.0027 

1 .8582 

-0.001:1 

70 

4*  Velorum 

3.7 

26  ir.. 61  2 

4 

2.3583 

47 

+    O.0005 

2.3766 

-0.0  is:; 

-     1 

71 

L  3910 

3.2 

28  10.956 

3 

+   1.8208 

32 

+  0.0029 

+   1.8261 

-0.0053 

72 

I  Chamael. 

5.5 

36  50.145 

4 

-  1.6050 

34 

-  0.2975 

-  1.5950 

-O.OIOO 

-      2 

7:; 

u  ( larinae 

3.5 

44  36.125 

6 

+    1.5011 

88 

_  0.0046 

+   1.5040 

—0.001:1 

71 

i|  Velorum 

3.9 

53  21.072 

4 

2.1013 

45 

+  0.0094 

2.1037 

—0.0024 

75 

u)NCarinae 

3.6 

10  11  21  561 

3 

1.4295 

42 

-  0.0077 

t.4370 

-0.007:. 

—     2 

70 

L  1249 

3.3 

13  44.516 

3 

+   1.9962 

35 

+   0.0115 

+  2.00 10 

—0.0054 

77 

L  1319 

4.4 

22  24.578 

4 

l.l'.i77 

43 

_  0.0226 

1.2060 

-0.00s:; 

-     3 

78 

n.  Antliae 

4.4 

22  34.479 

*  4 

2.7399 

59 

+  0.0098 

2.7472 

-0.007:; 

70 

t)  <  larinae 

2.9 

39  23.240 

4 

2.1296 

74 

0.0202 

2.1338 

-0.0042 

80 

■q  Carinae 

Var. 

41  10.817 

5 

2.:;  170 

87 

0.0220 

2.3178 

+0.0001 

81 

p.  Velorum 

2.9 

42  27.076 

4 

+   2.5679 

61 

+  0.0197 

+  2.5643 

+0.0036 

82 

&  Chamael. 

4.9 

44  50.801 

4 

0.6094 

27 

-  0.0978 

0.6276 

-0.0  1  si 

-     9 

83 

|8  Crateris 

4.6 

11     6  44.324 

6 

2.9452 

135 

+  0.00: 19 

2.9466 

-0.0011 

84 

ir  Centauri 

4.3 

16  26.739 

3 

2.7223 

55 

0.0308 

2.7259 

-0.0036 

85 

i  Hydrae 

3.7 

28     4.930 

4 

2.9432 

57 

0.0166 

2.9599 

-O.0I07 

86 

A  Centauri 

3.4 

31     9.951 

3 

+  2.7434 

48 

+  0.0450 

+    2. 7:,  lo 

—  O.O070, 

87 

t  Chamael. 

5.0 

54  39.367 

4 

2.9137 

34 

0.1241 

2.9302 

—0.0165 

—     7 

88 

8  Centauri 

2.8 

12     3  10.421 

6 

3.0895 

91 

0.0383 

3.0949 

—0.0054 

89 

p  Centauri 

4.5 

6  25.419 

3 

3.1148 

39 

0.0413 

3.1203 

—0.0056 

90 

8  Crucis 

3.4 

9  49.976 

5 

3.1594 

79 

0.0533 

3.1652 

-0.0058 

01 

/3  Chamael. 

4.6 

12  28.465 

8 

+   3.4223 

116 

+  0.1867 

+  3.4385 

-0.0102 

_     8 

92 

j8  Corvi 

2.6 

29     7.940 

11 

3.1432 

134 

O.OI66 

3.1441 

-O.0009 

93 

y  Centauri 

2.4 

35  59.951 

6 

3.2874 

95 

0.0417 

3.3083 

-0.0209 

—     2 

94 

/3  Muscae 

3.4 

40     8.638 

3 

3.6300 

34 

0.1009 

3.6368 

—0.0068 

95 

P  Crucis 

1.7 

41  52.485 

5 

3.4716 

97 

0.0660 

3.4793 

-  0.0O7  7 

96 

8  Muscae 

3.7 

55  23.164 

5 

+  4.0520 

55 

+   0.1426 

+  4.0025 

+  0.0405 

+   14 

97 

i  Centauri 

3.0 

13  14  58.394 

3 

3.3574 

74 

0.0303 

3.3869 

-0.0295 

_     2 

98 

k  Octantis 

5.7 

24  42.357 

4 

8.8478 

34 

1.6090 

8.9137 

—0.0659 

-  63 

99 

e  Centauri 

2.6 

33  32.938 

5 

3.7712 

85 

0.0591 

3.7758 

—  0.0046 

100 

£  Centauri 

2.7 

49  17.916 

4 

3.7185 

70 

0.0472 

3.7101 

-0.0076 

101 

/3  Centauri 
6  Centauri 

1.2 

56  45.782 

7 

+   4.1926 

126 

+   0.0848 

+   4.1970 

-0.0044 

102 

2  2 

14     0  47.712 

3 

3.5145 

61 

0.0319 

3.5591 

-0.0446 

0 

103 

8  Octantis 

4.7 

10  51.751 

8 

9.0903 

93 

1.0434 

9.1405 

-0.0502 

-  33 

104 

i]  Centauri 
a  Apodis 

2.5 

29     9.312 

4 

3.7909 

69 

0.0390 

3.7948 

-0.0039 

105 

4.0 

35  25.508 

4 

7.2333 

45 

0.4352 

7.2396 

-0.0063 

106 

L  5823 

6.8 

39     0.093 

6 

+  24.5734 

88 

+   8.7641 

+24.7503 

-0.1769 

-173 

107 

/3  Lupi 

2.8 

51  58.769 

4 

3.9093 

57 

0.0393 

3.9149 

—0.0056 

108 

o-  Librae 

3.5 

58  12.909 

6 

3.5015 

103 

0.0209 

3.5079 

-0.0064 

109 

ir  Lupi 

4.3 

58  18.411 

4 

4.0635 

54 

0.0451 

4.0670 

—  0.0035 

110 

k  Lupi 

4.5 

15     4  58.737 

4 

4.1466 

49 

0.0475 

4.1587 

-0.0121 

111 

£  Lupi 

3.6 

5     5.908 

4 

+  4.2838 

51 

+  0.0548 

+   4.2968 

-0.0130 

112 

y  Tri.  Aust. 

3.1 

9  34.186 

4 

5.5346 

73 

0.1399 

5.5464 

-0.0118 

113 

e  Lupi 

3.8 

15  53.288 

3 

4.0538 

36 

0.0393 

4.0579 

-0.0041 

114 

p  Octantis 

5.9 

20  11.720 

5 

13.1358 

40 

1.4052 

13.0437 

+  0.OO11 

+   17 

115 

c  Tri.  Aust. 

4.6 

27  33.872 

3 

5.4358 

50. 

0.1121 

5.4331 

+  0.0027 

+     3 

116 

■y  Lupi 

3.2 

28  28.458 

4 

+  3.9813 

72 

+  0.0331 

+   3.9844 

-0.0031 

117 

/3  Tri.  Aust. 

3.1 

46  19.666 

4 

5.2437 

71 

0.0873 

5.2742 

-0.0305 

+     6 

118 

p  Scorpii 

4.5 

50  42.487 

3 

3.6942 

63 

0.0198 

3.6969 

-0.0027 

119 

■k  Scorpii 

3.4 

52  48.021 

4 

3.6202 

78 

0.0170 

3.6226 

-0.0024 

120 

8  Scorpii 

2.4 

54  25.120 

7 

3.5400 

148 

0.0158 

3.5416 

—  0.0016 

N°-c-  448-449-450 
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Xo. 

Decl.  1900 

Wt. 

An.  Var. 

Wt. 

100 

<P8 

Prec. 

f' 

- 

El'-a 

wt. 

at  Ep. 

Ep.d 

61 

-54  20  32.05 

4 

-13*121 

57 

-0.178 

-13.019 

^ 

69 

16 

68 

62 

58  50  36.00 

2 

13.848 

33 

0.148 

13  836 

-0.012 

63 

14 

In 

63 

65  59  49.21 

3 

14.350 

31 

0.092 

1  1.233 

-0.117 

0 

69 

11 

71 

in 

64 

43     1  43.78 

4 

14.443 

67 

-0.217 

1  1  114 

+0.001 

65 

18 

i:. 

65 

85  15  46.71 

3 

14.809 

24 

+0.784 

1  1.857 

+0.048 

+  9 

74 

. 

75 

- 

66 

-69  18  19.32 

4 

-1  L823 

62 

-0.057 

-14.908 

+0.085 

+  3 

30 

65 

- 

67 

58  51   20.41 

4 

15.050 

56 

0.147 

15.042 

_( I.I  KI.S 

66 

27 

17 

68 

25  32  22.92 

3 

15.195 

31 

0.245 

15.195 

'" 

•  : 

14 

70 

69 

54  35     0.68 

4 

15.292 

4  1 

0.168 

15.305 

+0.013 

7(i 

15 

71' 

13 

70 

40     1  44.13 

3 

15.676 

33 

0.205 

15.734 

+0.058 

+    2 

69 

16 

74 

11 

71 

—  56  35  35.55 

3 

-15.811 

32 

-0.157 

-15.811 

72 

12 

71' 

]n 

72 

80  29  30.99 

3 

16.245 

22 

+  0.144 

+0.021 

+    1 

:t 

19 

76 

i" 

73 

64  36  29.11 

5 

16.658 

71 

-0.116 

16.653 

-0.005 

66 

22 

74 

54     5  30.71 

3 

17.082 

41 

0.153 

17.(167 

-0.015 

72 

15 

71 

12 

75 

69  32  28.93 

3 

17.848 

29 

0.087 

17.841 

-0.007 

b 

67 

16 

7" 

12 

76 

-60  49  57.56 

3 

-17.940 

27 

-0.122 

-17.935 

-0.005 

71 

11 

71 

10 

77 

73  31  21.57 

3 

18.284 

28 

14 

L8.262 

-0.022 

b 

71 

17 

74 

14 

78 

30  33  31.41 

3 

18.276 

44 

0.156 

18.267 

16 

70 

11' 

79 

63  52  14.36 

3 

18.832 

56 

0.099 

L8.824 

—0.008 

60 

15 

12 

80 

59     9  31.54 

4 

L8.881 

61 

0.106 

18.878 

-0.003 

63 

26 

17 

81 

-48  53  30.77 

4 

-IS. '.ISC, 

36 

-0.116 

-18.916 

-0.070 

68 

14 

74 

11 

82 

80     0  45.81 

4 

18.975 

29 

0.020 

18.983 

+0.008 

+  i 

74 

28 

74 

22 

83 

22  16  47.78 

5 

19.623 

67 

0.090 

19.513 

-0.110 

66 

14 

72 

in 

84 

53  56  35.38 

2 

19.718 

35 

0.067 

19.691 

-(mil': 

63 

11 

■  : 

'.' 

85 

31  IS  15.77 

3 

19.917 

i:; 

0.051 

■    - 

69 

15 

11 

86 

-62  27  59.47 

3 

-19.918 

36 

-0-042 

-19.894 

-0.024 

67 

11 

71 

in 

87 

77  39  54.21 

3 

L'n.nc: 

33 

-0.001 

2(Mi4: 

-0.020 

b 

74 

13 

74 

11 

88 

50     9  55.86 

4 

20.074 

60 

+  0.015 

20.050 

-0.024 

66 

IS 

13 

89 

51  48  42.2.-. 

3 

20.074 

26 

0.021 

20.044 

-0.030 

7(» 

Id 

75 

- 

90 

58  11  34.25 

4 

20.069 

49 

0.028 

20.034 

-0.035 

.-,:, 

16 

71 

12 

91 

-78   45  25.08 

6 

—20.009 

68 

+0.036 

-20.022 

1-0.013 

0 

39 

7d 

IV. 

92 

22  50  37.63 

5 

19.950 

71 

0.067 

L9.890 

-0.060 

68 

:.i 

- 

93 

48  24  38.45 

4 

19.827 

58 

0.083 

P.i  805 

-0.022 

b 

67 

i: 

13 

94 

67  33  38.42 

3 

19.772 

29 

0.101 

19.745 

0.027 

72 

12 

:i 

in 

95 

59     8  31.69 

4 

19.746 

66 

0.100 

19.718 

-0.028 

60 

■ 

.-.i 

11 

96 

-71     0  34.40 

4 

-19.506 

36 

+0.152 

-19.469 

0.037 

+    2 

71 

1" 

71 

15 

97 

36  11     5.58 

3 

19.081 

19 

0.164 

18.989 

—0.092 

-    1 

60 

13 

11 

98 

85  16  24.83 

3 

18.724 

25 

0.470 

-0.026 

-  3 

:i 

:;:, 

71 

11' 

99 

52  57  29.06 

4 

18.440 

48 

0.226 

is.  |n:, 

-0.035 

67 

15 

70 

11 

100 

46  47  45.88 

3 

17.875 

49 

0.256 

17.815 

-0.060 

1  1 

66 

11 

101 

-59  53  26.24 

5 

- 1  7.54  4 

74 

-  17.505 

-0.039 

r.:; 

:;i 

c: 

11' 

102 

35  52  40.54 

3 

1  7.S  1  1 

51 

0.262 

17.331 

-  3 

62 

12 

65 

11 

103 

83  12  34.98 

5 

16.878 

63 

0.720 

16.871 

-  0.007 

-   4 

7d 

- 

:■> 

•j  2 

104 

41  43     6.97 

1 

15.980 

19 

0.342 

15.953 

-0.027 

66 

14 

69 

13 

L05 

78  37  12.24 

3 

15.625 

0.668 

15.615 

-0.010 

71 

24 

:i 

16 

106 

-87  4  1  30.56 

5 

-15.478 

-15.417 

-0.061 

-17 

.-,'.' 

107 

42  43  51.97 

3 

1  1.718 

:.l 

0.395 

1  1.666 

-0.052 

66 

Il- 

11 

108 

24  53  20.71 

1 

1  L345 

56 

0.364 

I  L289 

.;:. 

ls 

:<i 

i:: 

L09 

46  :i'.i  :;:,.r,s 

1 

1  1.324 

13 

0.422 

1  1.283 

:i 

1 1 

11 

110 

48  21  27. is 

•  > 

13.930 

26 

0.442 

13.868 

. 

70 

13 

in 

111 

-  51    13     7.28 

3 

-13.930 

34 

+0  156 

11 

in 

112 

6S  18  36.66 

4 

13.612 

44 

0.598 

13.575 

-0.037 

63 

i: 

:i 

14 

113 

II   19  47.65 

3 

13.191 

32 

0.452 

13.163 

-0.028 

72 

111 

-■> 

114 

si     7  54.98 

3 

12.795 

22 

L.484 

12.876 

+10 

::; 

:i 

115 

65  58  50.30 

•  i 

12.449 

29 

0.629 

12.375 

-0.074 

i' 

64 

11 

70 

•.i 

116 

-40   19   19.91 

3 

-  12.349 

-61 

1-0.464 

-12.313 

-0  036 

63 

14 

12 

117 

63     7  18.92 

3 

ll.lll 

in 

0.639 

11  043 

-0.398 

-   4 

61 

1  I 

12 

118 

28  65  20.01 

3 

10.762 

16 

0.460 

10.722 

0.040 

12 

119 

25  19  35.00 

3 

10.608 

53 

0.453 

10.566 

-0.042 

12 

in 

120 

22  20  14.11 

6 

10.4S4 

75 

0.445 

10.446 

-0.038 

f.3 

24 

71 

19 

I  12 
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\... 

Name 

Blag 

R.A.  1000 

Wt. 

An.  Var. 

Wt. 
100 

Prec. 

f 

4 

121 

1.  6623 

5.2 

L6     5  23.600 

4 

+  s'sn-.r, 

40 

+    0*3372 

+  s'sn'.c, 

_o!o073 

+     3 

1 22 

L  6764 

1.6 

12  21.309 

3 

1  1699 

15 

0.0374 

L4888 

.  0.0189 

0 

L23 

,r  Scorpii 

3.4 

15     0.517 

5 

3.6393 

77 

0.0154 

3.6409 

0.0016 

124 

y    Apilclis 

3.9 

is     6.217 

6 

9.0555 

07 

0.3206 

9.0973 

-0.0418 

+     3 

1 1'.". 

a  Scorpii 

1.1 

23  16.453 

12 

3.6715 

172 

(I.O140 

3  6731 

0.0016 

126 

r  Scorpii 

3.2 

29  39.354 

4 

+  3.7278 

89 

+  0.0150 

+    3.7202 

-0.0014 

I1.'  7 

«  Tri.  Aust. 

•i  •» 

38     1.385 

10 

6.3116 

134 

0.0892 

6.3087 

4-0.0029 

+     3 

128 

ii  Axae 

3.8 

11     8.847 

4 

5.1581 

10 

0.0444 

5.1558 

4  0.0023 

129 

t  Scorpii 

2.3 

13   U.083 

4 

3.8777 

85 

0.0161 

3.9285 

0.0508 

+     1 

L30 

£  Aiae 

3.2 

50  20.569 

4 

4.9487 

48 

0.0338 

1.9518 

-0.0031 

131 

t   Arai' 

4.2 

51  36.683 

4 

+   4.707:; 

53 

+    0.0202 

+  4.7688 

-0.0015 

132 

tj  Scorpii 

3.6 

17     4  59.365 

4 

I.2SSS 

61 

0.0170 

1.2881 

+  0.0007 

+     4 

L33 

6  <  >phiuchi 

3.6 

15  52.006 

7 

3.0S01 

07 

0.0079 

3.6818 

-0.0017 

l:;i 

j      \  l  :  u 

3.6 

10  58.536 

4 

5.0390 

67 

0.0226 

5.0407 

-  0.0017 

L35 

ji  Arae 

2.8 

10  59.142 

4 

4.9763 

00 

0.0218 

I.o7oo 

—0.0027 

136 

Br  2198 

1.5 

20  15.698 

7 

+  3.6591 

84 

+   O.H072 

+    3.0013 

-  0.0022 

137 

a  A.rae 

2.9 

21     6.620 

4 

4.6304 

85 

0.0147 

4.6351 

-  0.0047 

+     2 

138 

Br  2209 

5 . 2 

25  18.786 

5 

3.6563 

98 

'.1 

3.6579 

-0.0016 

139 

\  Scorpii 

2.0 

26  49.010 

4 

1.0694 

81 

0.01 188 

4.0706 

-0.0012 

140 

6  Scorpii 

2.1 

30     7.932 

3 

4.3056 

03 

0.0096 

1.3059 

-0.0003 

141 

k  Scorpii 

2.6 

35  34.160 

4 

+  4.1468 

08 

+   0.0073 

+  4.1482 

-0.001  1 

142 

■q  Pavonis 

3.8 

35  54.992 

3 

5.8787 

41 

0.0212 

5.8821 

0.0034 

+     2 

143 

i  Scorpii 

3.3 

40  35.380 

4 

4.1027 

75 

0.0002 

4.1939 

—0.0012 

1  II 

y  Sagittarii 

2.8 

59  22.994 

5 

3.8516 

.'>."> 

0.0021 

3.8579 

—0.0063 

+     2 

145 

/j.  Sagittarii 

4.:; 

IS     7  46.962 

9 

3.5871 

123 

0.0007 

3.5879 

-0.0008 

14(1 

8  Sagittarii 

2.8 

14  35.509 

4 

+  3.8400 

04 

-  0.0008 

+   3.83S9 

+  0.0017 

147 

e  Sagittarii 

2  2 

17  32.094 

3 

3.9820 

09 

0.0018 

3.9865 

_  0.0039 

14S 

A  Sagittarii 

2.7 

21  47.936 

6 

3.7019 

95 

0.0012 

3.7008 

—  0.0040 

+     2 

1  19 

£  Pavonis 

4.2 

31  21.094 

5 

7.0277 

72 

O.O120 

7.0330 

-0.0062 

+   11 

150 

q  Sagittarii 

3.7 

39  24.525 

6 

3.7485 

88 

0.0043 

3.7465 

+0.0020 

151 

A  Pavonis 

1.3 

42  57.129 

3 

+   5.57KI 

45 

-   0.0294 

+   5.5740 

-0.0036 

1 52 

ir  Sagittarii 

2.4 

111     3.S53 

8 

3.7209 

158 

0.0054 

3.7218 

-0.0009 

153 

£  Sagittarii 

3.1 

56  14.980 

5 

3.8192 

89 

0.0077 

3.8221 

-0.0029 

154 

t  Sagittarii 

3.0 

19     0  41. 70S 

3 

3.7470 

59 

0.0072 

3.7534 

-0.0058 

+     2 

155 

Br  2478 

4.7 

30  37.342 

5 

3.6546 

73 

0.0104 

3.6507 

+  0.0039 

156 

Br  2549 

4.7 

56  30.584 

6 

+   3.6944 

102 

-  0.0148 

+  3.0933 

+  0.0011 

17,7 

a  Pavonis 

2.1 

20  17  44.318 

8 

1.7737 

120 

o. o.v.i;, 

4.7741 

-0.0004 

+     2 

1 58 

a  Iudi 

3.1 

30  32.063 

4 

4.2303 

73 

0.0398 

4.2337 

+  0.0026 

159 

[3  Pavonis 

3.3 

35  57.052 

5 

5.4012 

78 

0.1103 

5.4696 

-0.0084 

160 

*  Capricorni 

4.3 

40  10.530 

4 

3.5583 

73 

0.0167 

3.5637 

-0.0054 

161 

/Jlndi 

3.7 

40  59.743 

3 

+   4.721 1-.) 

48 

-   0.0733 

+   4.7210 

-0.0007 

162 

y  Pavonis 

4.5 

21  18  10.623 

4 

5.0155 

05 

0.1240 

5.0045 

+  0.0110 

—   22 

163 

£  Capricorni 

3.7 

20  57.530 

5 

3.4321 

98 

0.0160 

3.4329 

—0.0008 

164 

y  Gruis 

3.0 

47  52.484 

3 

3.0450 

50 

0.03,00 

3.0387 

+0.0069 

165 

a  1  l-ruis 

1.9 

22     1  55.945 

7 

3.8010 

104 

0.0455 

3.7901 

+0.0109 

166 

«  Tucanae 

2.S 

11   39.151 

4 

+   4.1481 

70 

-  o.osh 

+   4.1000 

-0.0119 

+     3 

167 

r  i  Ictantis 

0.4 

12  35.050 

9 

12.8348 

103 

3.2001 

12.8781 

-0.0433 

+   11 

168 

L  9138 

1.2 

23  17.673 

3 

3.0032 

30 

0.0386 

3.6015 

+0.0017 

169 

/3  Octantis 

4.4 

35  50.973 

7 

0.4182 

93 

0.6268 

0.4470 

-0.0288 

+    19 

170 

,8  Gruis 

Q  .i 

30    11.N30 

3 

3.0009 

01 

0.0  13,1 

3.5S97 

+  0.0112 

171 

c  Gruis 

3.5 

42  30.911 

4 

+  3.6459 

00 

-   0.0514 

+    3.0371 

+  0.0088 

172 

«  Pis.  Aust. 

1.4 

52     7.534 

10 

3.3233 

141 

0.0210 

3.2994 

+  0.0239 

173 

i  Gruis 

3.9 

23     1    11.981 

3 

3.4127 

13 

0.0376 

3.4010 

+  0.0117 

174 

r  Octantis 

6.0 

13     9  77.'. 

9 

10.9882 

108 

5.2409 

10.9050 

+  0.0220 

-   72 

175 

/8  Sculptoris 

4.S 

27  36.602 

3 

3.2280 

47 

0.0258 

3.2218 

+  0.0062 

176 

i  Phoenicis 

4.5 

29  41. si  hi 

3 

+    3.2381 

34 

-  0.0306 

+  3.2380 

+0.0001 

177 

8  Sculptoris 

4.6 

13  43.022 

6 

3.1304 

08 

0.0160 

3.1240 

+  0.0058 

17S 

L  9607 

5.5 

40  14.539 

7 

3.6001 

92 

0.3153 

3.0882 

-0.0281 

+  20 

179 

c  Tucanae 

4.3 

54  43.269 

3 

3.1485 

42 

0.0090 

3.1423 

+  0.0002 

No*.  448-449-450 
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Xo. 

Decl.  1900 

Wt. 

An.  Var. 

Wt. 

100 

<P8 
dp 

Prec. 

p' 

-V 

EP-Q 

Wt. 
at  Ep. 

Ep.d 

Wt. 

121 

-78°  26  37^38 

2 

-  9.650 

16 

+  l'l30 

-  9.614 

0.036 

-  1 

72 

l".t 

76 

I'.i 

122 

19  54  36.87 

3 

9.137 

35 

0.583 

9.076 

-0.061 

_  2 

69 

13 

71' 

11 

123 

25  21  10.51 

4 

8.891 

48 

0.480 

8.860 

-0.031 

69 

10 

7o 

i:; 

124 

78  40  21.03 

3 

8.703 

31 

1.190 

8.624 

-0.079 

-    5 

70 

22 

7:; 

17 

125 

26  12  36.78  , 

6 

8.243 

75 

0.492 

8.214 

-0.029 

o,7 

:.:, 

68 

26 

126 

-28     0  31.60 

4 

-   7.74s 

57 

*  0.506 

-    7.701 

-0.047 

60 

18 

68 

14 

127 

68  50  38.67 

5 

7.064 

62 

0.866 

7.016 

-o.o.l.s 

0 

67 

45 

7o 

25 

12S 

58  51  46.52 

3 

6.822 

36 

0.711 

0.70  1 

-0.058 

69 

12 

7:; 

11 

129 

34     6  42.73 

3 

6.813 

56 

0.530 

6.554 

-0.259 

—   7 

60 

15 

12 

130 

55  49  56.16 

3 

6.051 

31 

0.688 

6.001 

_o.o5o 

70 

16 

71 

in 

131 

-53     0  24.79 

3 

-  5.920 

37 

+0.667 

-  5.895 

-0.025 

68 

13 

71 

10 

132 

43     6  26.89 

3 

5.073 

52 

0.610 

4.767 

-0.306 

b 

07 

16 

0,7 

1:; 

133 

24  53  59.57 

6 

3.876 

59 

0.528 

3.838 

-0.038 

66 

30 

7:; 

19 

134 

56  17     0.66 

3 

3.768 

46 

0.723 

3.742 

-0.026 

64 

13 

68 

11 

135 

55  26     7.54 

3 

3.788 

40 

0.714 

3.741 

0.047 

65 

14 

72 

11 

136 

-24     5     0.80 

5 

-  3.592 

IS 

+0.527 

-  3.459 

-  0.133 

7:; 

17 

75 

11 

137 

49  47  49.1S 

3 

:;  233 

50 

0.668 

3.128 

-0.105 

-  1 

63 

10, 

0.7 

13 

138 

23  53     7.47 

3 

3.056 

42 

0.528 

3.023 

-0.033 

65 

11 

73 

8 

139 

37     1  51.69 

4 

2.H34 

54 

0.588 

2.893 

-0.O41 

64 

15 

13 

140 

42  56     3.51 

3 

2.630 

44 

0.624 

2.606 

-0.024 

63 

12 

7o 

lo 

141 

-38  58  42.21 

3 

_  2.158 

51 

+0.602 

-  2.134 

-0.024 

64 

13 

00, 

11 

142 

04  40  33.16 

3 

2.171 

32 

0.853 

2.103 

-o.oos 

b 

7o 

12 

75 

1o 

143 

4o     5  17.54 

3 

1.695 

44 

0.610 

1.696 

+  0.00] 

04 

14 

69 

11 

144 

30  25  30.70 

4 

-  0.246 

44 

0.561 

-   0.054 

-0.192 

-  1 

71 

19 

71' 

10 

145 

21     5     6.06 

5 

t    0.685 

58 

0.522 

+     O.0S1 

+0.004 

r,7 

45 

69 

23 

146 

-29  52  14.92 

o 

+    1.225 

29 

+  0.55S 

+   1.276 

-0.051 

66 

15 

0,;, 

li' 

147 

34  25  54.78 

3 

1.401 

52 

0.57  7 

1.532 

-0.128 

58 

10 

63 

11 

148 

25  28  37.39 

5 

1.710 

68 

0.536 

1.904 

-0.194 

-  1 

66 

I'll 

69 

10. 

149 

71  30    19.45 

3 

2.565 

22 

1.013 

2.735 

-0.170 

-  1 

69 

23 

70, 

17 

150 

27     5  37.61 

4 

3.410 

53 

0.537 

3.431 

-0.021 

00 

11 

0,7 

15 

151 

-62  18     7.33 

o 

+     3.709 

31 

+  0.798 

+  3.736 

0.027 

0,7 

11 

7m 

9 

1 52 

26  25  15.67 

6 

4.192 

81 

0.528 

1.260 

18 

62 

34 

69 

153 

30     1   23.16 

4 

1.866 

19 

0.538 

1.872 

0. i 

64 

19 

70 

15 

154 

27  49     0.01 

2 

4.983 

43 

0.524 

5.249 

0  21  6 

-  1 

62 

11 

o.| 

lo 

155 

25     6  15.70 

5 

7.695 

63 

0.489 

7.724 

-0.029 

o.7 

27 

09 

IS 

156 

-27  59  16.89 

5 

+  9.759 

52 

+  0.467 

+  9.760 

1 

l'l 

72 

17 

157 

57     3  19.90 

5 

11.240 

63 

0.570 

11.339 

-0.099 

0 

o.7 

::i 

i 

20 

1 58 

17  38  25.07 

3 

L2.289 

50 

0.484 

12.244 

15 

65 

1.-, 

0,7 

i:: 

159 

66  33    15.28 

3 

12.607 

42 

0.613 

12.616 

9 

07 

20 

70 

11 

1G0 

25  37    19.28 

3 

L2.739 

52 

0.391 

12.901 

-0.162 

63 

12 

0.7 

lo 

L61 

58    19  53.11 

3 

+  13.321 

24 

+  0.50S 

+13.352 

-0.031 

,.s 

12 

75 

8 

162 

65   19     7.01 

3 

16.036 

51 

0  169 

L5.258 

fO  778 

+  1 

64 

10, 

1;; 

163 

22  50  40.22 

5 

L5.432 

60 

0.313 

15.415 

+0.017 

00 

15 

73 

12 

164 

37  50     6.65 

3 

16.794 

5  1 

0.283 

L6.S11 

-0.017 

13 

l:: 

L65 

47  26  43.53 

5 

17.264 

62 

0.266 

17.449 

0  L85 

•  : 

::i 

l'.' 

L66 

-60  45  29.65 

3 

-1-17.790 

56 

+  0.207 

f  17.853 

0.063 

-  1 

62 

15 

l:: 

1(17 

86  28  3373 

6 

L7.955 

68 

0.835 

17.890 

11' 

7m 

11 

168 

41     0  23.83 

3 

L8.269 

33 

0.207 

18  293 

-0.024 

-•• 

11 

72 

10 

169 

si   54   19.91 

6 

18.713 

07 

L8.716 

•> 

."7 

7" 

l'l 

170 

47  21   27.34 

3 

is.  712 

38 

o.l79 

18.742 

62 

11 

10' 

171 

-  51   50  34.06 

3 

f-18.839 

39 

0.078 

07 

15 

71 

1:: 

L72 

30     9     8.27 

6 

19.005 

75 

0.134 

1 '.i.l  7'.' 

0.174 

0.7 

53 

o.s 

25 

173 

15   17   18.64 

3 

L9.421 

25 

0.111 

19  172 

0.05] 

i:; 

11 

174 

88     1  52.92 

6 

L9.642 

69 

0.317 

•  0.007 

+  1 

7o 

1.-. 

25 

175 

38  22  I7.o."> 

•  > 

19.854 

25 

0.058 

12 

72 

'.1 

17(1 

-43  lo     5.00 

3 

+19.865 

32 

+  19.877 

71 

12 

70 

lo 

177 

28   lo  59.96 

4 

L9.893 

lo 

0.024 

20.002 

-  0.109 

71 

71 

17 

17s 

82  34  28.66 

5 

19.997 

59 

0.023 

20.010 

-0.019 

0 

::\ 

7o 

179 

66     8     0.29 

3 

2o.o  If, 

25 

20.047 

-0.031 

69 

11 

74 

9 

Ill 
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on  a   may   y a m.\ r>u: 

lis;,:,)     18'  28™  56"  ,    {-12    80  9 
Bi    EDWIN 

I    wish    to    announce    that     I    have    discovered    thai 
DM.H  L2°3567    is   a    variable   of   the    Algol-tyj>e,   with   a 
period  of  aboul  21"  21m,  the  fluctuations  in  brightness  be- 
ing aboul   half  a  magnitude,  or  from  7".0  to  7".5.     The 
decrease  to  minimum  apparently  occupies  two  hours  ami  a 
half,  and  tin'  increase  a  like  interval  of  time.     The  star  is 
Nil  2510  of  the  Potsdam  Photometric  Catalogue,  and  was 
observed  once  each  by  Kjbmpf  and   Mi  dler,  L888  Sept.24 
as  7". 71,  and  1890  Oct.  29  as  7".57.      Both  observations 
being  evidently  made   near  minimum,  and  agreeing  very 
closely,  no  further   observations    were  deemed   necessary, 
and  the  mean  7".66  was  entered   in  their  catalogue  as  the 
magnitude  of  the  star;  the  DM.  magnitude  being  7".0.     In 
the  course  of  my  revision  of  this  wort  which  was  begun  in 
L895,  and  is  now  nearly  completed,  I  had  occasion  to  ob- 
serve the  star  on  1895  Sept.  15  and  1896  Oct.  26,  my  deter- 
minations of  magnitude  being7".26  and  7*.28,  respectively, 
both  being  taken  when  the  star  was  near  its  normal  bright- 
ness.    Thus  while  the  mean  results  determined  at  Potsdam 
and  Brighton  agreed  very  closely  amongst  themselves,  the 
mean   results  between  the  two  observations  showed  a  dis- 
cordance   of    nearly    half    a    magnitude.     Since,    however, 
discordances  of  this  amount  are  not  infrequent  between 
the  two  catalogues,  and  especially  in  cases  where  the  stars 
are  highly  colored,  particular  attention  was  not  attracted 
In  this  difference,  although  the  star  was  marked  for  some 
future  examination  when  the  time  allowed,  in  accordance 
with  my  custom  in  cases  of  this  kind.     In  going  over  this 
region    during    the    present   year    this    star   was   selected 
amongst  some  others  for  additional  observations,  and  on 
Sept.  '.»  in  comparison  with    other  stars  in  its  vicinity  it 
was   found  to  be  7M.45.     Comparing  this  value   with  my 
former  determinations  the  next  day,  the  discordance  was 
at  once  noted,  and  it  was  marked  for  another  observation. 
On  the  following  evening,  Sept.  10,  the  sky  was  overcast, 
but  on  the  11th  the  star  was   observed  and  found  to  be 
7M.02.     My  suspicions  of  the  star's  constancy  was   now 
aroused,  and  close  watch  was  kept  of  it ;  but  the  bright- 
ness remained  apparently  constant  until  Sept.  16,  when  an 
early  observation  at  7h  40m  found  the  star  constant,  while 
at  a  later  observation  at  9h  15'"  (when,  however,  the  star 
was  getting  low  and  difficult  to  observe)  it  was  noted  as 
faint,  or  7".35.     Although  the  star  was  now  very  closely 
watched  no  further  evidence  of   variability  rewarded  my 
vigilance  until  Oct.  3,  when  a  partial  decrease  and  increase 
was  observed,  and  a  fairly  marked  minimum  was  possible 
of  determination.     The  period  was  then  quite  uncertain, 
but  was  apparently  about  a  week  or  some  aliquot  part.     It 
was  not  until  Oct.  12  that  a  solution  of  the  difficulty  was 
arrived  at,  and  the  approximate  elements  given  below,  and 
Brighton,  1S9S  October  29. 


OF  THE  ALGOL-TYPE, 

(1900)     l-!    '-''1      1    ,   +12°  32'.6. 
.  SAWYER. 

the  nature  of  the  variation,  determined.     The  comparison- 
stars  used  and  their  magnitudes, as  determined  at  Potsdam 
and  Brighton,  are  as  follows,  the  positions  being  for  1900.0. 
a  S       Potsdam  Sawyer 

a  =  DM.  +  13°3658  =  1s"l'4"5L'B+  13*47.5  7.12  7.27 
b  =  DM.  -r-13°3677  =  18  27  34  +  13  39.5  7.36  7.17 
c  ==  DM.  +12°3598  =  18  32    0  +  12  54.8     7.48      7.58 

In  the  following  table  all  my  observations  to  date,  with 
deduced  magnitudes,  using  the  Potsdam  magnitudes  for  the 
comparison-stars,  are  given  : 


Huston  M.T. 

Boston  M.T. 

1895 

Sept 

15 

8*  30™ 

7*09 

1898 

Oct.    10 

ii       in 
6  15 

M 

7.02: 

iv.: 

Oct. 

1898 

Sept 

26 
9 

6  30? 
9     0? 

7.00 
7.15 

6    50 

S      0 

8  30 

7.02: 
7.112: 
7.02: 

11 

9     0 

7.02 

0    15 

7  10: 

12 

7   2(i 

7.02 

10     0 

7.50: 

13 

7  15 

7.02 

11 

6  15 

7.02 

14 

7  40 

7.02: 

7     0 

7.12 

15 

10  20 

7.02: 

7  20 

7.37: 

16 

7  40 

7.02: 

7    lo 

7.42: 

9  15 

7  35: 

12 

6  15 

7.29: 

18 

7     0 

7.02: 

6  30 

7.30: 

20 

7     0 

7.02 

7     5 

7.2  1: 

9  15 

7.02 

7  12 

7.20: 

21 

6  50 

7.02 

7  35 

7.17: 

9  20 

7.02 

8  15 

7.09: 

23 

6  50 

7.02: 

8  45 

7.09: 

9  30 

7.02: 

13 

6  30 

7.07 

27 

7     0 

7.02: 

7  30 

7.07 

9  10 

7.02: 

9  10 

7.07 

29 

7     0 

7.02: 

15 

6  30 

7.02 

9  30 

7.02= 

16 

6  20 

7.H2 

30 

7     0 

7.02= 

7     0 

7.02 

9     0 

7.02: 

8  10 

7.02 

Oct. 

3 

6  35 

7.30 

8  45 

7.02 

7     0 

7.37 

9     0 

7.02 

7  20 

7.43 

17 

6  30 

7.02 

7  40 

7.50 

7  30 

7.02 

8  10 

7.53 

9  10 

7.02 

8  45 

7.48 

20 

6     0 

7.40 

9  35 

7.32 

6  30 

7.30 

5 

9  15 

7.12 

7     0 

7.25 

6 

8     0 

7.02 

8  15 

7.12 

9  50 

7.02 

23 

6  30 

7.02 

7 

7  40 

7.02 

27 

6  15 

7.30: 

8 

6  30 

7.02 

7  30 

7.50: 

0 

6  30 

7.02 

*  Strong 

moonlight 

This  table  shows  that  the  star  was  near  minimum  at 
the  observations  of  Sept.  9  and  16,  Oct.  3,  10,  11,  12,  20 
and  27.  By  means  of  three  observations  combined  with 
those  taken  at  Potsdam  the  epoch  and  period  were  ap- 
proximately determined  as  1898  Oct.  3,  13h  lm  Gr.  M.T. 
+  0d  21h  21m  E.  A  few  well  observed  minima  will  soon 
allow  of  a  better  determination  of  the  elements. 
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OBSERVATIONS  OF  (247)  EUKRATE,  FROM   PHOTOGRAPHIC  MEASUREMENTS, 

[Communicated  by  K.  P.  Leavenworth.] 


1S93  Northfield  M.T. 

Planet's  Mean 

a                         a 

logpA 
a                        3 

Jan.  13     11  15  54 

L1.81 

+62     9   ISA 

»9.293 

7*0.409 

17     10  37  24 

7  33   10.75 

+  (31    II  54.1 

n9.400 

ttO.382 

ISM  Minneapolis  U  I. 

Jan.  21      lc  18  25 

7  26   10.29 

+  G1   12  3(3.9 

«0.360 

28     11     5  38 

7  16     8.41 

+59  58    15.0 

8.922 

155  i 

31      11     8  36 

7   L2  29.42 

+59  21  42.5 

9.177 

;39 

The  first  two  measures  were  made  from  photographs  taken  al  the 
Goodsell  Observatory  by  Dr.  H.  C.  Wilson.  The  other  three  are 
from  photographs  taken  at  the  Observatory  of  the  University  of  Min- 
nesota, longitude  6h  12'"  56'.8,  latitude  44°  58'  10".  The  first  two  were 
reduced  by  myself,  the  Minneapolis  ones  by  R.  Y.  Febnee,  B.  L. 
Newkikk,  and  P.  E.  I>  \\  i-.  students  of  the  University. 

Minneapolis,  Minn.,  1S9S  Sept.  17.  


The  places  are  for  the  beginning  of  the  year.  Each  depends  on 
from  six  to  nine  stars  whose  positions  are  from  Helsingfors-Gotha 
A.G.  Zones. 

The  observers  would  like  to  hear  from  computers  using  the 
ores,    of    the  degree    of   accuracy  obtained    by  them,    from    this 
method. 


There  is  a  striking  similarity  between  the  orbits  of  these 
two  comets,  as  will  be  seen  from  a  comparison  of  their 
elements. 


RESEMBLANCE   OF  THE   ORBITS   OF   COMETS  i  1898  AND  L883  IV. 

By  C.  1).   PERRINE. 

elements  by  Stechert,   brought   up   to   1898.0;    the 
Brooks's  comet  are  by  Russet:  from  two-day  intervals. 

Schaeberle's   comet   was   observi  ree  months, 

and  the  resulting  orbit  shows  that  it  is  not  possible  for 
liuooKs'scomettobe  a  return  of  Schaeberle's.  The  resem- 
blance is  so,  close,  however,  as  to  indicate  a  strong  family 
connection,  and  the  necessity  for  a  good  series  of  observa- 
The  elements  of  Schaeberle's  comet  are  the  definitive  tions. 
Lick  Observatory,  University  of  California,  1S98  October  26 


Comet 

W 

ft 

i 

'i 

i  1898 

122     8 

97  17 

140  14 

0.6335 

1881 IV 

123  22 

9(5  10 

14(1  19 

0.7564 

OBSERVATIONS  OF   COMET  £  1898  (brooks), 

MADE   WITH   THE    12-INCH   TELESCOPE   OF   THE    LICK   OBSERVATORY, 

Bv  WILLIAM  J.  Ill'ssKY. 


1898  Mt.Hamilton  M.T. 

* 

No. 

#- 

-* 

6/'s  apparent 

log 

pA 

Ja 

//S 

a                        8 

for  a 

forS 

Oct.  21 

>i       m      s 

7     8     4 

1 

10,8 

—2'"  3?27 

—7  21.9 

15    3  35.63 

+  7.7  55  L8.4 

9.9 1 1 

0.480 

23 

6  57    lo 

o 

8,8 

+  0  32.58 

— C  39.6 

15   12  57.09 

1  52   19  22.2 

0.373 

7  10  45 

2 

8  ,4 

+  0  42.36 

s     8.2 

15  43     6.87 

+  7>2  47  53.4 

0.407 

2  1 

7  21     9 

4 

8  ,  8 

+  0  12.S2 

—7  30.1 

i:.  59  29.04 

1  19  57  21.0 

9.858 

0.455 

8  19  47 

6 

8,8 

+  2  L3.86 

+  2    11.0 

L6    0    6.08 

50   19.4 

0.420 

25 

6  41  36 

7 

Id  ,  in 

—0  35.16 

+  4  32.8 

16  13  22.51 

+  47     7     2.0 

9.81  l 

0.298 

26 

7  39  18 

8 

10  ,  10 

—0     4.87 

+  3  12.7 

16  26  24.  i- 

+  44     1  36.8 

9.S10 

Mean   Places  for  189 

8.0  of  Comparison-Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

l",     5  39.35 

—0.47. 

+  :.s     2    19.3 

—9.0 

Kru  ger,  Eelsingfors-Gotha  A..  G.  Catal.  824  I 

2 

15  42  24.65 

0.1  l 

+  7.2  56     6.3 

1 .5 

L0M.     1  onnecto  d  with  *:: 

3 

15  42  34.02 

0  1  1 

+  7.2  59  39.5 

— 1.5 

bridge,  Mass.,  A.l     1 

4 

15  59  L6.01 

+0.21 

+  7,(i     l  54.2 

3.1 

lit".     Connected  with  *•">. 

5 

15  -7     7.65 

+0.20 

+50     7  28.8 

—2.8 

Ri    -  re,  Cambridge,  Mass.,  A.c.  Catal.  188* 

6 

15  57  51.99 

+0.23 

+49   is  11  1 

2.7 

Deichmuller,  Bom   \  G  Catal.  10275 

7 

16  L3  57.23 

'oil 

+  47     2  30.0 

—0.8 

10449 

8 

it;  21;  l\s  c,:; 

+  0.66 

+43  58  23.5 

~t 

«              «        «        «      10564 

lie. 
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OBSERVATIONS  OF  TWO   ASTEROIDS,    PROBABLT    NEW, 

MADE     WITH     mi      12-INCB     DELB8COPB    "I      iiii:     ii.k     DBSBBVATOBY, 

Bi    E.  K.  CODDINGTON. 


Xo. 

Plane 

—  * 

Planet" 

*  apparent 

log  /'A 

1808  Ml-  Man. ill. .11  \|.T. 

* 

( lomp. 

la 

z/8 

a 

8 

for  a 

for  8 

Oct.  14 

h       in      8 

L3  22  48 

1 

s  .  s 

_o'"  8.38 

+  1  30.5 

1       1 

13.63 

+8  •-.■■;  54  3 

9.352 

0.636 

15 

10     4  16 

o 

s  .  g 

+0    3.95 

_4    :;.:: 

1      1 

9.5  I 

+8  24  59.0 

«9.212 

0.632 

10 

'.»  l;i  22 

4 

6  ,8 

+  2    3.43 

—4  53.2 

l     :; 

30.69 

+  s  n  .-,;;.:; 

n9.396 

0.643 

IS 

11     IS        1 

5 

8,8 

+  0    111.11 

+  :;  32.8 

1     2 

8.91 

+  7  53  28.1 

8.164 

0.633 

10 

11     1121 

6 

8,8 

+  0     5.54 

—0  21.S 

1    1 

2'.  MS 

+  7  43     o.;i 

8.845 

0.636 

Oct.    11 

l.-,  L6  19 

7 

10  ,  10 

+  0    17.01 

+  2  li'.:. 

1     0 

52.61 

+  0   in  24.4 

9.604 

0.663 

15 

1 1  22  :;.-> 

8 

8,8 

—0     4.35 

—4  13.6 

1     o 

2.41 

+  0  3.".     6.6 

6.327 

o.Oii'.i 

10 

U  i-:;  56 

10 

8,8 

+  0  20.92 

—5    6.2 

ii  59 

2.r,:; 

+  0  28  51.6 

8.237 

0.010 

19 

11     0  22 

11 

8,8 

—0   21.00 

—2  12.0 

o  .-,<; 

6.60 

+  9  lo     I.:. 

„7.1  is 

ii. ill.-, 

20 

10  44  30 

12 

8,8 

—0  12.28 

+  0  45.0 

o  .-..-i 

9.79 

+  9    :;  53.9 

»8.379 

0.017 

11  25  38 

14 

10  ,  8 

—1  25.37 

—0     9.0 

0  55 

7.85 

+  9     3  42.5 

8.784 

0.617 

Mean  Places  for  1898.0  of  Comparison- Stars. 

* 

1 

b 

1 

a 

Ked.  to 

app.  place 

8 

Red.  m 

app.   place 

Authority 

l"'l7°33 

+  IJ1S 

+  SD3154T 

¥29.1 

DM.  +S°181.     Connected  with  *3 

2 

1 

4     0.91 

+  1.0S 

+  8  28  32.6 

+  29.7 

1  ).M.  +  s  1 79.     Connected  with  *  3 

3 

1 

6  23.14 

+  4.69 

+  S  32  55.2 

+  29.6 

Bonn  <  reservations  1 8  1 

4 

1 

1  22.5S 

+4.68 

+  8  19  16.7 

+  29.S 

S-(Schjellerup  336  +  Faris  1431) 

5 

1 

1  45.08 

+  4.09 

+  7    19  25.5 

+  29.S 

10*.     Connected  with  >)c0 

6 

1 

1  19.24 

+  4.69 

+  7  48  55.8 

+  29.8 

£  (Yarnall  584  + Glasgow  270) 

7 

1 

0  30.92 

+  4.68 

+  'J  37  12.1 

+  29.S 

11*.     Connected  with  *9 

8 

1 

0     2.08 

+  4.0S 

+  9  38  .",o.l 

+29.8 

11*.     Connected  with  =fc9 

9 

0 

58  13.75 

+  4.68 

+  9  33  43.5 

+  29.9 

Yarnall  556 

10 

0 

58  30.93 

+  4.68 

+  9  33  27.9 

+  29.9 

11M.     Connected  with  %9 

11 

0 

56  23.50 

+  4.70 

+  9  11  43.4 

+  30.1 

\  (Yarnall  533  + Glasgow  254) 

12 

0 

55  17.33 

+  4.70 

+  9     2  38.7 

+  30.2 

12M.     Connected  with  *  13. 

13 

0 

55  22.00 

+  4.70 

+  8  56  13.9 

+  30.2 

4-  (Yarnall  526  + Paris  1307) 

14 

0 

56  28.51 

+  4.71 

+  9     3  21.3 

+  30.2 

Yarnall  534 

The  magnitudes  of  the  planets  are  respectively  11M.5  and  12M.5. 
The  observations  of  Oct.  20  were  made  with  the  36-inch  refractor. 
These  planets  were  discovered  by  means  of  their  trails  on  a  plate 


which  I  obtained  with  the  Crocker  Photographic  Telescope,  Oct.  13, 
1S9S.     I  have  not  succeeded  in  identifying  them  with  any  of  those 

already  known. 


CIRCULAR  ELEMENTS   FOR   THE   FOREGOING  ASTEROIDS, 

By  WILLIAM  J.  HUSSEY. 
On  a  negative  which  he  obtained  with  the  Crocker  tele- 
scope Oct.  13,  Mr.  Coddington  has  found  the  trails  of 
three  minor  planets,  of  which  two  appear  to  be  new. 
From  his  observations  of  Oct.  14  and  18,  I  have  computed 
the  following  circular  elements  of  the  brighter  of  these 
two,  i.e.,  the  first  one  for  which  his  observations  are  given 
in  the  foregoing  article. 


Epoch 

=   1898  Oct.  14.5  Gr.  M.T. 

Q 

i 

=177     3     5 
=  202    5  16 

=     21  28  44 

log  ft 

=   0.49539 
=  641".l 

Gr.  M.T. 

Ephemeris. 

3 

Nov.   1.5 
5.5 
9.5 

0  54     7         +5  39.0 

52  15            5    3.6 

0  50  38          +4  30.5 

0.3541 


From  Mr.  Coddixgton's  observations  of  Oct.  14  and  20, 
I  have  computed  the  following  circular  elements  of  the 
second,  or  fainter  of  these  objects. 


Epoch 
M 


=  Oct.  14.5  Gr.  M.T. 


log  a 


81  59  34 
297  37  32 
1  35  12 
0.33185 
1127".S 

Ephemeris. 


Gr.  M.T 

Nov 


1.5 

5.5 

9.5 

13.5 

17.5 


0  45  31 
43  2 
41  2 
39  33 

0  38  36 


■7  56.6 
7  37.5 
7  2o.9 


+  6 


log  A 

0.0835 
0.0919 
0.1013 

0.1114 
0.1222 
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ELEMENTS  OF  THE 

Hv    HENRI    NORMS 

The  following  normal  places  of  the  planet  DQ  hen  e  been 
obtained  by  comparison  of  observations  printed  in  the 
Astronomische  Naehrichten  and  the  Astronomical  Journal 
with  Bkkbekk  it's  ephemeris  in  A. If.  3517,  with  applica- 
tion of  all  necessary  corrections  for  parallax,  aberral  ion,  etc. 


Berlin  Mean  Time 

1898  Aug.  18.5000 

26.5000 

Sept.    9.5000 


a  (1898.0) 

319°  45' 51.9 
316  14  26.3 
311  25  18.9 


8(1898.0)         No.  Obs. 


—6  20  50.0 
— 6  17  57.6 

—6  20   17.1' 


34 
16 
26 


From  these  three  places  the  following  elements  have 
been  computed.  The  heliocentric  arc  described  by  the 
planet  is  about  8°. 

Princeton  University,  1898  Nov.  7. 


PLANET  DQ, 

l:t  SSI  I  L 

31.5  Berlin  M.T. 

1/   =   224 

„,  =   17.-,    (7  50.1  ; 

SI  =  303  20  20.3     1898.0 

i  =     10  45     1      I 

q    =     L2  55   I 

n  =   2003 
logo   =  0.1654245 
Period  6  16  71 

I  lONSI  LNTS     I  OB     1  111      Eqi    ITOB    01 

x  =  [9.9946616]  r  -  6  13.2) 

y  =   [9.9417527]r  sin  (v+114  35     0.6) 
z  =  [9.7071  I84]r  sin   &+135     3  26.5) 


OBSERVATIONS  OF  PLANET  DQ, 

MADE    AT    THE    U.S.     \AVAI.    DISS  Ell  V  ATI  I V.  V     Willi     Mil.    26-INCH     EQUATORIAL, 

By  Pbof.  STIMSOS   J.   BROWN,   CT.S.N. 
[Communicated  by  Prof.  Wm.  Harknbss,   rj.S.N.,    Astronomical  Director.] 
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Sept.  11     9  29.8 

12  8  41.05 

13  9  15.G0 


* 


No. 

'nmp. 


4  ,  5 
4,5 
4,5 


Planet —  # 
Ja  Al 


+14.96 
—  4.61 
+  33.25 


2  10.4 
I  2    15.7 

— 0    8.1 


Planet's  Apparent 

S 


-h  13  37.69 
20  12  15.45 
20  M  53.10 


6  20  35.9 

—6  20    is  1 
6  21     2.0 


logpA 

for  a  font 


147 


-       - 

S    -  ■ 


0.7962 
0.7956 
0  7981 


Mean  Places  for  1898.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  pi                                                Authority 

1 

2 
3 

20  43  18.41 
20  42  45.72 
20  41  15.56 

+  4S.32 
+4.34 

+  4.29 

—6  18  43.6 
—6  23  51.9 
—6  21  11.8 

+  18.1 

+  1S.1 
+  17.9 

Munich  I.  10842 
Munich  1.  1 
Weisse's  Bessel  20 

USEFULNESS  OF  THE  PLANET  DQ  POP  DETERMTNING  THE  SOLAR  PARALLAX, 

Bi    SIMON    NEWCOMB. 


The  elements  of  planet  DQ  computed  l>\  Professor  Hi- 
sey,  and  found  in  No.  447  of  this  Journal  are,  it  maj  be 
supposed,  accurate  enough  to  admit  of  a  of  the 

future  oppositions   of  the   planet.     The  next  opposition, 
1900  November  and  December,  will  be  unusually  fav< 
for  measurements  of  the  parallax.     The  longitude  of  the 
perihelion  being  120°,  the  best  oppositions  I'm  I 
will  bo  those  occurring  nearest   to  the  date  Januarj    20. 

Accepting  IIissfVs  period   I   find   thai    i pposition  as 

good  as  the  next  will  occur  until  1924,  when  we  shall  have 
an  opposition  about  equally  favorable.  In  January,  L931, 
an  opposition  verj  near  perihelion  is  likely. 

Owing  to  the  unusual  character  of  theorbil  oi    /".'.  its 


geocentric  motion  will  -  I  singular  fi    I 

At   perihelion  its  linear  velocity  in  its  orbil   is  rery  near 
that  of  the  earth.      Hence,  should  an  opposition  then 
ric  longitude  will  be  nearly  stationary  f< 
lys.     This  makes  perihelion  oppositions  i 
the  op]  distributed  through  t: 

out    of  six   would   occur   within   a   month  of  Januai 
\    1  do  not  think  that  one  out  of  twelve  « 

I  have  computed  the  following  rougb  ephemeris  for  the 
next  period  ofnearesl  approach  with  three-place 
The  logarithms  are  insufficient  to  give  the  last  figure  with 
precision,  but   the   uncertainty  of  the  elements  is  much 
greater. 


1   IS 
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N      lis   149   160 


L900  Nov. 


Dec. 


a 

8 

A 

15 

1   56 

1  54.7 

0.358 

20 

1    15 

54.0 

.346 

25 

l   38 

52.7 

.336 

30 

l   32 

'    51.5 

.328 

.-. 

1   30 

19.7 

.322 

in 

1   32 

18.2 

.31  1 

1.-. 

1   ::i 

16.0 

.309 

20 

l    12 

13.9 

.310 

25 

1    is 

+41.3 

0.308 

The  declination  of  the  planet  affords  a  hinl  why  it  lias 
so  long  escaped  detection,  and  suggests  a  careful  studj  of 


ilu-  besl  methods  of  measuring  its  parallax  in  1900.  Little 
can  be  dom  hern  hemisphere  until  after  the  date 

of  nearest  approach,  because  even  so  far  north  as  the  Cape 
the  plane!  will  not  culminate  above  the  horizon  before  op- 
position. Bui  in  every  pari  of  the  northern  hemisphere 
its  position  among  the  stars  can  be  fixed  Erom  hour  to 
hour  both    by  the   photographic  telescope   and   the  helio- 

meter.    The  combinati I    observations  in  the    Eastern 

and  Western    hemispheres  will  then,    it   may   be    hoped, 
suffice  for  the  best  determination  of  the  solar  paralla 
made  1>\  direcl  measurement. 


ELEMENTS   AND    EPHEMERIS   OF   THE   SMALL   PLANET   DQ, 

By  S.  C.  CHANDLER. 


The  following   orbit   was   computed    Erom   observations 
covering  the  interval  Aug.  1-1  to  Nov.  16. 

Epoch  1898  Aug.  31.5  Gr.  ALT. 

.1/  -  219°  59  23^8 

„,  =  ITS  40     7.3) 

&  =  303  36     1.1  ;- 1898.0 

i  =     10  51  31.2) 

cf  =     12  51     1.6 


^  =  2023".656 
log  a  =  0.162580 
Period  640.42  days. 


Ephemeris  foe  Greenwich  Midnight. 


1S98 

a 

8 

i 

HI           8 

O            / 

Nov.  20.5 

21 

27     9 

-3     7.3 

22.5 

30  36 

2  52.9 

24.5 

34     6 

2  38.0 

26.5 

37    11 

2  22.5 

28.5 

11    22 

2     6.6 

30.5 

45     6 

1  50.0 

Dec.    2.5 

21 

is  54 

-1  32.9 

Mas 


0.1190         12.4 


0.1351         12.5 


ELEMENTS  AND  EPHEMERIS  OF  COMET  i 

By  WILLIAM  J.  HUSSEY. 


1898, 


From  my  observations  of  Oct.  21 ,  23  and  25, 1  have  com- 
puted the  following  elements  and  ephemeris  of  this  comet. 
The  brightness  at  the  time  of  the  first  of  these  observations 
is  taken  as  unity. 

Elements. 
T  =   Nov.  23.13518  Gr.  M.T. 


"„  I  Ecliptic  and  Mean 


w   =   123  22 

?ii2Si:;p*nin«1*8-0 

log  q  =  9.878746 

O-C:     JX'cos^'  =  +0".6     ,     .1(3'  =  -1".6. 

Constants  for  the  Equator  of  1898.0. 

x  =   r  [9.887974]  sin  (y+ 115' -22  42".4) 
y  =  r  [9.968174]  sin(v+224  25  55.5) 
z  =  ?-[9.S65944]  sin(v  +  155  58  21.5) 
Lick  Observatory,  Mt.  Hamilton,  Cat.,  1898  Nov.  S. 


The  following  ephemeris  is  a  continuation  of  that  given 
in  A.J.  No.  447,  the  elements  being  the  same.  I  have  made 
a  direct  computation  of  the  comet's  place  corresponding  to 
the  time  of  my  observation  of  Nov.  5th,  and  obtain  the 
following  residuals:  O  — C,  Ju  =  +1".04  ,  Jh  =  — 0".l. 
These  are  so  small  that  a  new  determination  of  the  elements 
at  the  present  time  seems  unnecessary.  The  brightness  on 
Oct.  21  is  taken  as  unity. 


Gr.  M.T. 

True  a 

True  8 

log  A 

Br. 

189S 

Nov.  22.5 

18     9  20.4 

-  4  42  25 

0.1057 

0.40 

24.5 

18  11     4.2 

6  24  44 

0.1245 

26.5 

18  12  32.9 

7  59  47 

0.1420 

0.33 

28.5 

IS  13  48.9 

9  28  31 

0.1585 

30.5 

18  14  54.3 

10  51  42 

0.173S 

0.28 

Dec.    2.5 

18  15  50.9 

12  10     0 

0.1881 

4.5 

18  16  40.2 

13  23  59 

0.2014 

0.23 

6.5 

18  17  23.6 

14  34     8 

0.2138 

S.5 

18  IS     2.1 

-15  41  52 

0.2253 

0.20 
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THE   VARIATION    OF    LATITUDE    AT    NEW    YORK,    AND    A    DETERMINATION 

OF    THE    CONSTANT    OF    ABERRATION     PROM    OBSERVATIONS 

AT   THE   OBSERVATORY   OF   COLUMBIA    UNIVERSITY, 

By  JOHN    K.   REES,   HAROLD   JACOB?    am.    HERMAN    S.   DAVIS. 
Second  Paper. 


The  present  paper  contains  an  account  of  observations 
made  in  continuation  of  those  described  in  No.  101  of  this 
Journal.  The  instrument  employed  has  been  the 
zenith  telescope  by  Wannschaff ;  the  observers  have  been 
Professor  Rees  and  Dr.  Davis.  Under  the  get 
vision  of  Professor  Jacobv.  the  computations  have  been 
made  by  Miss  F.  E.  Habpham,  assisted  by  Miss  Ki  dorj 
Mauill.  To  the  liberality  of  Miss  Catharine  \\  -  Bri  i  e 
the  observatory  is  indebted  for  funds  which  have  secured 
the  efficient  assistance  of  these  computers.  The  obser- 
vations so  far  made  fall  naturally  into  three  series,  as 
follows  : 

Series  A,  May  1893  to  July  1894,    818  pairs  bj    Ree 

302      "  "    Jacob] 

654       <■'  "     Davis 

B,  July  1894  to  Jan.  1896,    771       "  " 

310       "       "      Davis 

C,  Jan.  1896  to  Jan.  L898,  L065      ••      "     Kees 

77  1      ••      ••     Davis 

Series  A  consists  of  the  observations  already  treal 
A.J  101.     At   the  end  of  series  B  it   became  necessary  to 
move   the    latitude   observatory  on   account   of   building 
operations  at  the  new  site  of  the  University.     The  Lai 
difference  of  the  two  positions  was  verj  carefully  measured 
b\  Rees  and  Jacoby,  and  found  to  be  7".337,  with  a  pos- 
sible error  of  only  one  or    two  units  of  the  last   decimal 
place.      The  observations   at.   the   new   station    ' 
to  the  old  l'\  means  of  this  constant,  and  the  whole  three 
series  maj  therefore  be  treated  as  if  thej  had  been  made 

111    t  lie   same    place. 

Careful  determinations  of  the  errors  of  the  micro 
Bcrew  were  made  during  series  B  and  C,  and  a  check  was 
thus  obtained  upon  the  constancy  of  thi   e  quat    ties     The 
declination  reductions  for  I  he  nights  when  it  was  impossible 
to  observe  complete  groups  were  determined  Eoi  each 


separately  from  the  complete   nights    within    that    ■ 
The  three  series  may  indeed  be  considered  practically 
pendent  of  each  other  so  far  as   I 
cerned. 

The   following  table  exhibits  the    mean  values   for   the 
observed  differences  of  the  latitudes  from  thi    -  a- 
groups,  together  with  tl  .   of  any  error  in 

Stritve's  aberration  <  The  quantity   i 

part  of  the  correction  required  by  the  constant  20*. 4451. 

Table  of  Mean  Observed   Differences  oi    Latd 


Group 


I    !1 
11-111 

III    IV 
IV    I 


Diff.  of  Latitudes  and  \\-„:„i,, 

At,     I  - 


0.018  +  l:'  2  '.'7 

+   .132  +11.'.'  I''"', 

-   .038  •  12  2  H 

-0.111  +18.9  53 


B 

1    II 

0.003   +19.1 

•M 

II-III 

+   .os:,    -lie 

62 

111    IV 

+   .062   +11... 

71 

IV    1 

-0.166    •  l-  3 

7" 

C 

I  II 

4(1.011    fl9.6 

101 

11  III 

+   .lit    +11.6 

104 

III    IV 

+  .(H.:,  +H.I 

104 

IV    1 

0.203    •  L8.5 

1"1 

It  we  equate  to  0  ical  sums  of  the  group  differ- 

ences,  we   obtain    the    following    three   equations    for    the 
determination 


Weigh) 

Serii      \ 

io    •  62.2          0       18 

■  |  o 

1! 

o.o:                  o     I.; 

.r  = 

c 

0.073    •  61  i 

11  •.'.-. 
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The  e  va  x  correspond  to  the  following  value-  for 

the  constanl  of  aberration  : 


Series  A 

20.4666 

weight,  18 

B 

1525 

L6 

c 

1695 

26 

Mean 

20.4611 

60 

Series  A 

Series  B 

Series  1 ' 

1 

-0.056 

-0.004 

-0.094 

II 

-   .003 

_  .060 

-  .061 

III 

4-   .07.". 

+  .029 

+  .068 

IV 

+0.04  1 

+0.095 

+  i  i.i  is: 

II  (retake  ±0".16asthe  probable  error  of  one  observa- 
tion of  unit  weight,  the  final  mean  result  of  our  aberration 
observations  is 

Constant  of  Aberration  =  20\461     i-o  '.006. 

The  following  are  tlie  corrections  necessary  to  reduce 
the  declination  systems  of  the  several  groups  to  the  mean 

Of  all: 


Group 


At  the  beginning  of  Series  i;  a  new  pair  of  stars  had  to 
be  substituted  for  one  of  the  pairs  in  Group  IV  on  account 
of  precessional  changes.  The  declination  reductions  can- 
not, however,  have  been  sensibly  affected  thereby. 

The  following  table  gives  the  definitive  latitudes  from 
Series  B  and  C,  which  may  be  used  in  continuation  of  the 
table  in  A.J.  101. 

1  'ki'imtive  Latitudes. 
Series  B. 
a  =40°  48'+  <P—<Pc  Weight 


38 
42 
42 
46 
27 
22 
59 
44 
44 
40 
20 
27 
33 
54 
49 
53 
32 
55 
50 


21 
50 
26 


1894  July 

1 

27.114 

-0.123 

16 

.120 

-   .117 

Nov. 

15 

.220 

-   .011 

L".i 

.274 

+   .037 

Dec. 

18 

.367 

+    .130 

L895  dan. 

2 

.305 

+    .DOS 

15 

.412 

+    .175 

Feb. 

2 

.380 

+   .143 

14 

.332 

+    .095 

26 

.425 

+   .188 

Alar. 

in 

.500 

+   .203 

21 

.346 

+   .109 

Apr. 

8 

.298 

+   .001 

20 

.353 

+   .110 

May 

7 

.354 

+    .117 

18 

.213 

-   .024 

d  une 

4 

.184 

-    .053 

13 

.257 

+    .020 

July 

5 

.217 

-    .020 

16 

.286 

+   .049 

28 

.222 

-   .015 

Aug. 

10 

.205 

+   .058 

23 

.103 

-   .134 

Sept. 

15 

26.943 

-0.294 

L896  0ct.       1 

18 

No  v.      5 

18 

Dec.      2 

Mi   mi 


1896 


dan. 

1  1 

28 

Feb. 

11 

■  >•> 

Mar. 

5 

17 

28 

Apr. 

9 

19 

May 

5 

18 

June 

1 

20 

duly 

1 

12 

Aug. 

31 
19 

Sept. 

'.i 

26 

Oct. 

13 

Nov.    10 


Dec. 

1897  dan. 
Feb. 

Alar. 

Apr. 
May 
June 

July 

Aug. 


15 

28 
8 


18 
28 
10 
23 
25 
21 

1 
17 

2 

20 

4 


Sept.  30 
Oct.  16 
Nov.  4 
16 
26 
10 
26 


Dec. 


Mean 


c-  =  10 

26.996 

27.111 
.119 
.063 

27.070 

27.2:;7 


=  10    48'+ 

27.171 
.476 
.542 
.600 
.560 
.627 
.464 
.477 
.367 
.513 
.532 
.551 
55 1 

.5111 

.437 
.458 
.379 
.331 
.240 
.135 
.142 
.193 
.118 
.232 
.31  l 
.219 
.345 
.214 
.387 
.362 
.378 
.  152 
.283 
.583 
.565 
.376 
.57:; 
.595 
.597 
.522 
.639 
.503 
.324 
.361 
.254 
.089 
.193 
27.100 

27.399 


v-v„ 

0.241 
-   .126 

.lis 

.171 

0.167 


I  0.075 

+  .077 
+  .1  Id 
+  .201 
+  .101 
+  .228 
+  .065 
+   .078 

-  .032 
+  .111 
+  .133 
+  .152 
+  .155 
+  .102 
+  .0.38 
+   .059 

-  .020 

-  .068 

-  .159 

-  .201 

-  .257 

-  .200 

-  .281 

-  .167 

-  .085 

-  .180 

-  .054 
-0.185 
-0.012 

-  .037 

-  .021 
+   .053 

-  .116 
+  .184 
+   .106 

-  .023 
+  .174 
+  .196 
+  .198 
+  .123 
+  .240 
+   .104 

-  .075 

-  .(ids 

-  .145 

-  .310 

-  .200 
-0.299 


Weight 

12 

62 

51 

36 
13 


Weight 
II 

60 

19 

46 

46 
12 
24 

10 

37 

r,l 
30 
53 
33 
54 
34 
52 
64 
24 
29 
37 
59 
63 
25 
39 
16 
29 
26 
46 
30 
57 
61 
41 
11 
46 
81 
18 
52 
49 
28 
76 
46 
1(15 
14 
41 
22 
38 
13 
24 


>'"•  45] 
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PHOTOGRAPHIC   OBSERVATIONS  OF  COMET  I    L898  (mo. 


MADE    «  I  III     nil.    r   BOSSH  1      Kill 

Bl    JAMES 

Having  brought  the  3-foot    reflector,  presented    to   the 
Lick  Observatory  by  -Mr.  <  !bosslei  .  into  fair  working  order, 
I  have  employed  it  in  photographing  the  cornel  discovered 
by  Mr.  Brooks  on  Oct.  20.     With  tin-   assistance  of  Mr. 
H.  K.  Palmer  I  obtained  photographs  on  elevi 
tivt-  nights,  from  Nov.  4  to  Nov.  14  inclusive.      Alt' 
14    the   work   was   discontinued,  the    maximum    ex] 
which  was  allowed  by  the  twilight  on  the  one  hand,  ami 
the  construction  of  the  mounting  on  the  other,  having  been 
reduced  to  thirteen  minutes. 

The  best  photograph  was  obtained  on  Nov.  5,  with  an 
exposure  of  lh  10™.  On  this  plate  the  extreme  diameter  of 
the  coma  is  0.25  inch  =  4'.1.  A  very  narrow,  straight  tail, 
extends  to  a  distance  of  1.4  inch,  or  23'.  In  appeal 
the  comet  closely  resembles  Comet  h  1894  (Gale)  as  photo- 
graphed by   I'.AKXARD. 

The  tail  is   much    less  distinct  on  my  other  neg! 
which  received  shorter  exposures,  and  is  barely  perceptible 
on  plates  exposed  for  less  than  thirty  mini 

At  the  end  of  each  exposure  the  driving-clock  was  si  i 
and  the  stars  were  allowed  to  trail  on  the  plate  for  about 
two  minutes.     No  trail  was,  left  by  the  comet. 


01     I  III.    l.n  B    OBSERVE  rOBT, 

E.   EEELER. 

With  the-  aid  of  these  trails  the  position  angle  of  the 
tail  was  meas  plates.     The  results  are  given  in 

the  following  table,  which   may  have  some  interest  in  con- 
nection with  theories  of  the  formation  of  comets'  tail  - 
the  table  /■  i^  the  computed  position-angle  of  the  i 
-ition-angle  of  the  tail. 


Date  1898 

R.A. 

r 

i 

r—l 

■i    ta 

5    7 

h     in    ■ 
17  ::i  53 

+  17°12 

53  .'■.', 

■ 

• 

7   7 

17  41  56 

1  1  21 

7.1  49 

52 

+2  19 

8   7 

17  45    7 

li'  32 

55  to 

52 

+3  lit 

:>  7 

17  48    0 

In  7,1 

56  19 

53 

+3  19 

10  7 

17  50  30 

9  19 

56  •"! 

.".". 

-l  :.i 

1  7  .V> 


+    6  l'l        7.7  I 


A  photograph  was  also  taken  by  Mr.  Paxmeb 
with  the  Crocker  telescope,  Willard  (6-inch)  portrait  lens. 

The  exposure  was  lh  17"'.  This  photograph  closely  re- 
sembles those  taken  with  the  Crossley  telescope,  although 
the  scale  is  of  course  very  much  smaller.  The  tail  is 
about  J°  Long. 


OBSERVATIONS    OF    THE    1898    LEONID    METEORS    AND    DISCOVERS 
COMET  (Chaste,  Nov.  11)   AT   THE   VALE   OBSERVATORY, 

li\    W.    1..    KI.KIN. 


OF    A 


Preparations  were  made  for  observing  the  Leonid  shower 
this  year  and  watch  kept  throughout  the  nights  of  Novem- 
ber 12  to  16  inclusive,  the  main  object  being  to  secure 
photographic  records  of  meteor  trails.  The  apparatus  at 
the  observatory,  an  equatorial  mounting  with  clockwork, 
carried  six  cameras  with  portrait-lenses  of  from  6  to  8 
inches  aperture,  also  two  smaller  ones.  A  similar  appara- 
tus, without  clockwork,  however,  was  put  up  at  a  station 
near  Hamden,  about  two  miles  from  the  observatory  in  a 
aortherlj  direction,  and  fitted  out  with  four  cameras  with 
5-inch  lenses.  This  station  was  in  charge  of  Dr.  Chasi 
with  an  assistant,  while  at  the  observatory  Mr.  Brown, 
Mr.  Smith  and  myself  were  on  duty.  .Mr.  LEWIS  ol  \ 
nia  aiding  for  a  part  of  the  time. 

(in  November  12  it  cleared  up  only  at  aboul    16  hours 
(Eastern  Standard  Time)  and  plates  were  exposed  In  the 
observatory  instrument  for  about  an  hour;  15  Leonid 
2  ether  meteors  were  seen  by  three  in  this  hour, 

hut  2  of  which  were  in  the  field  of  the  cameras.  November 
L3  was  completely  overcast  all  night  at  New  Haven. 
November  14  was  clear  throughout  and  the  full  programme 
carried  out,  plates  being   exposed   at  both   stations 


11  '15     till  17   25  -     Quiti  a  display  of  the  Leonids 

then  being  noted  by  those  in  watch  at  the  observa- 
jenerally  three  ot 


From 


LI  15     to 

12 

0 

1 2    0 

13 

0 

13    0 

1  1 

0 

14     0 

L5 

(1 

i.-.    0 

L6 

(t 

16    0 

17 

0 

17     0 

17 

25 

10 

others 

6 

21 

11 

17 

7 

28 

:: 

15 

L8 

1 

'.' 

•  ■ 

l    tal:     118 
Some  20  of  them  fell  in  or  nearly  in  the  field  covered  by 

the  cameras. 

ember  L5  was  also  clear,  but  the  L  ei  had 

the   numl" 
corded,  as  follows : 

h        in  In) 


11    L5 

to 

12    17. 

Leonids 

1 

12  L5 

13  15 

1 

I"  2 

13  15 

11    17. 

'_' 

5 

11     17. 

17.    15 

6 

lo 

15  15 

L6  15 

7 

L6  L5 

17    17. 

13 

.'; 

Total: 


30 


12 


1 52 


I  ll  I.      LSTRONOMICAL    J  <>  0  R  N  A  I. 


V     I.M 


of  which  aboul  10  maj  bave  beeD  in  the  photographic 
November  L6  was  c pletelj  clouded  over  al]  night. 

At   present  writing  ii   is  no1   possible  to  state  definitely 

the  c plete  resull  ol   I  be  photographs.     We 

aboul  16  trails  so  Far  on  the  plates,  I  meteors  having 
been  recorded  a1  both  stations,  so  that  we  hope  some  re- 
sults of  value  1 1 1 ;  i  \  be  derived  Er them. 

The  plates  taken,  over  60  in  all,  were  no1  all  deve 
and  a  systematic  examination  begun  until  November   '_'l 
Looking  them  over  on  that  day  Dr.  Chase  noticed  a  hazy 
object,  in  the  direction  of  the  parallel,  which 

bowed  apparent  motion  on  successive  exposures,  the  posi- 
bions  Eound  by  entering  the  objecl  on  the  Durchmusterung 
charts  being : 


Sow  11     Ji'   15  E.S.T. 

K.A.  L0  1.6 

Decl.+23    8  (1855) 

14     15  53 

lit  4.7 

23     9 

15     11'  42 

Hi  6.2 

23  I.". 

15     15  52 

10  6.4 

23  14. 

These    plates    were    all    taken    with    the    same    lens,   a 
Voightlander  of  6\  inches  aperture  and  27  inches  focus, 
Yale  Observatory,  1898  November  24. 


so  that,  suspecting  some  possible  ghosl  and  the  uighl 
promising  to  be  clear,  we  decided  to  defer  notifying  othei 
observatories  until  we  bad  secured   further  evidence.     A 

sec 1  lens  was  directed  to  the  same  field,  and   Dr.  Chasi 

exposed  two  plates  with  each  lens  thai  aight,  and  on  de- 
velopment uext  daj  all  four  plates  showed  the  objecl  in 
t  be  Eollowing  plan  on  I  be  Bonn  maps  : 

Nov.  21      15  3o'e.S.T.    i;  A.  mi  <'..<>    Decl.+23  39  (1855) 

This  position  and  the  resulting  dailj  motions  of  I  l  6 
in  I;. A.  and  •  l  .  I  in  Decl.  were  senl  to  Prof.  Pickering 
.ii  Harvard,  who  has  informed  us  that  the  objecl  was 
found  mi  two  and  possibly  three  Harvard  plates. 

On  November  21,  while  exposing  the  plates,  Dr.  Ch  i  i 
swepl  over  the  predicted  place  in  the  sky  with  the  8 -inch 
Grubb  refractor,  but  saw  uo  bazj  or  comet-like  objecl  with 
certainty.  On  bhe  plates  its  brightness  is  about  that  of  an 
eleventh  magnitude  star,  so  that  it  possibly  may  have  been 
too  faint  to  attract  notice  by  its  appearing  different  in  our 
telescope  from  a  faint  star. 


NOTE   CONCERNING    THE   CENTRAL   CONDENSATION    OF   THE 
ANDROMEDA    N EBULA, 


l',v   WILLIAM 

On  the  evening  of  September  20,  1898,  Professor  Camp- 
bell and  I  carefully  examined  the  central  part  of  the 
Andromeda  nebula  with  the  36-inch  refractor,  using  powers 
of  270,  520  and  1000.  We  found  the  central  condensation 
comparable  in  brightness  to  a  star  of  the  11th  to  12th 
magnitude.  The  most  condensed  part  of  the  nebula  was 
some  2"  in  diameter,  with  no  definite  limits,  but  fading  by 
imperceptible  degrees  to  the  general  intensity  of  the  sur- 
rounding nebula.  It  was  not  stellar;  its  appearance  was 
Lick  Observatory,    University  of  California,  1S0S  November  1"> 


J.   IIl'SM'.V. 

quite  unlike  that  of  a  neighboring  star  of  about  the  same 

brightness,  which  appeared  in  the  same  low-power  field. 

So  far  as  I  can  judge,  its  appearance  was  the  same  as  on 
previous  occasions  when  I  have  examined  it  with  the  same 
telescope. 

Professor  Campbell  examined  the  central  condensation 
with  a  direct  vision  spectroscope,  and  found  the  spectrum 
continuous,  with  no  evidence  of  bright  lines,  and  in  all 
probability  the  same  as  that  of  the  rest  of  the  nebula. 


OBSERVATIONS   OF   THE    LEONIDS, 

MADE    AT    III  K    LICK    OBSEBVATORY,    UNIVERSITY    OF    CALIFORNIA 

By  JAMES    E.   KEELER. 

The  Leonids  were  observed  at  Alt.  Hamilton  on  several 
nights  covering  the  period  of  apparition.  On  November 
13th,  when  the  greatest  frequency  was  expected,  two  ob- 
servers  kept  six-inch  portrait  lenses  directed  to  the  radiant 
from  stations  about  1500  feet  apart,  changing  plates  every 
1  our  to  prevent  over-exposure  of  comparison  stars.  Meteor 
tracks  were  charted,  and  counts  made  for  determining  the 
frequency,  by  four  observers. 

The  results  of  the  count  made  by  Air.  C.  1>.  Pkrkixk  are 
shown  in  the  following  table  : 


Date 

Pacific  Time 

Interval 

No.  of 
Leonids 

Av.  No. 
per  hour 

1898  No\ 

11 

13  L'(i      i.-,  in 

1    50 

8 

4.4 

12 

ll'  55     14  55 

2      0 

10 

5.0 

13 

13     0-  10  :;(> 

3  30 

38 

10.9 

14 

13  38  -13  53 

0  15 

8 

|  43.8 

14 

II   1'  1  -  16     0 

1  36 

73 

15 

13  15-13  45 

0  30 

4 

8.0 

16 

13  37  -  14     7 

0  30 

8 

1 14.0 

16 

15     2-15  32 

0  30 

6 
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The  count  of  Mr.  Et.  <;.  Aitkk.n  is  as  follows 


Date 

Pacific  Time. 

Interval 

\...     Ml 

I  ••■'  Ml  i.i- 

A.V.    N'i. 

per  hour 

L898  \nv.  11 

h       m         h       in 

12     'J      l.-»  20     3  11 

6 

l.'.l 

12 

13  ir,      15   to      2     ii 

24 

L2.0 

13 

12  30  -  16  20 

3  .-,u 

27 

7.1 

14 

l:;  32      1  1    in 

1     8 

26 

I  28.8 

14 

14  40  -  15  58 

1  18 

44 

On  November  13  four  independent   counts  were    made, 
each  covering  an  interval  of  about  four  hours.      A  pa 
the  results  has  been  given  above. 

November  14,  C.  D.  Perrink,  10.9;  It.  G.  Aitkkn,  7.1  ■ 
J.  E.  Keeler,  8.0;  F.  E.  Ross,  7.4.  The  numbers  repre- 
sent the  average  number  of  Leonids  per  hour. 

It  was  remarked  that  the  paths  of  some  meteors,  which 


tad    all  the  i  of  Leonids,  did   o 

from   the   usual   radiant    point 

backward. 

A  s]  bi  or,  30  or  10  tin*  -  brighte 

i  l'i  ki.-im      ..i     ol iKi    ■      •      14  al    L3    16    1 1 

Pacific  time.  It  came  almost  exactly  from  the  radiant, 
and  passed  north  of  BLeonis,  where  it  disappeared. 

With  one  exception,  none  of  the  ir  the  radi- 

ant were  bright  enough  to  leave  trails  on  the  plates  which 
were  expo  ed  on  No  •  ber  13  A  single  trail  was  found 
at  the  extreme  ed  of  the  plates  taken  with  the 

Crocker  telescope.  I'  was  not  photographed  with  the 
o1  ber  in -.!  i  timenl 

The  charts  and  other  records   will  be  sent   to  Harvard 
College   Obsei  -    in    in   connection    with 

similar  records  obtained  elsewhere. 


ELEMENTS   OF   COMET  j  1898  (chase), 

Bv  E.   V.  CODDINGTON   am,  II.   k\   PALMER. 


Upon  receiving  the  telegraphic  announcement  of  the 
discovery  of  this  comet,  we  examined  carefully  the  photo 
graphic  plates  which  we  had  exposed  for  Leonid  meteors 
on  November  13  and  14,  and  found  that  we  had  a  faint 
image  of  the  comet  on  all  of  them.  Our  exposures,  being 
about  an  hour  in  length,  were  too  short  to  give  a  percepl  i 
ble  trail,  and  the  images  were  so  faint  that  we  would  not 
have  detected  them  had  we  not  known  of  the  comet's 
existence. 

From  Mt.  Hamilton  observations  of  November  23,24, 
Ml.  Hamilton,  1S9S  Nor.  28. 


and   25  we  have  computed    the  following 

incuts  of  this  comet : 


preliminat  ■ 


T  =  1899  April  10.6504  Gr.  M.T. 

u>  =  136  1.".   13 
9,  =  107   11     7, 
i  =    33   II    12 
o  =  9.83386 


1\'  cos^'  =  +2" 


' 


+  1" 


Mt.Hamilton  M.T. 


Nov.  23     17     8  11 

L'i     it;  :;i  34 
25     17   15  25 


OBSERVATIONS    OF    COMET/  1S!>S    (chase), 

MADE    WITH     Mir.    12-INCH     FELESCOPE    OF  THE    l.H  h    OBSEB1    I.TOBT, 

Bi    E.  I'.  CODDINGTON. 


No. 
Comp. 


la 


8 

I  I 


-it  19.37 
t  1   39.21 


8  .  9        +0  15.04 


/,S 


6 


'-  apparent 


I  8     1.8 

3   10.8 

+3  21.3 


in  L'I  18.07 
in  23  15.70 
in  L'I    17.50 


4-23  36     6.5 
H23   I"  51.4 


'.1.117 
'.••.".' I 


forS 


16   11.5       9.020 


0.333 
0.355 
0.321 


Mum   Places  for  1898.0  of  Comparison- Stars. 


The  brightness  was  estimated  al  n  magnitude. 
Mi.  Hamilton,   1808  Woo.  28. 


Red.  to 

8 

I.V.I.    1,. 

* 

a 

app.  place 

app.  place  I 

lutliorit) 

1 

i 
1i) 

L'L;"  3.42 

+  4*02 

+23  L'S  27.7 

26.0 

Becker,  Berlin   \  G.  Catal.  1020 

2 

10 

L'I   32.43 

+  4.0G 

+23   II  58.5 

26  3 

Becker,  Berlin   \  G.  Catal.  mi  I 

:; 

in 

26    15.40 

+  4.05 

+23  .',n  33.0 

26.7 

er,  Berlha  AC.  fatal.  1045 

1 

10 

L'i  28.39 

+  4.07 

t  23   13  16.8 

26.6 

lo'  ,  onnected  with  *."• 

154 
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ELEMENTS   AND    EPHEMERIS   OF   (<»Mi:i    /  L8983 

FROM     k.  MEASUREMENT  OF  THE   PHOTOORAPHIl     PLATES  TAKES     w     l  III     ■,   M  l     OBSERVATORY. 

Bi    FREDERICK    I     <  II  W. 


I  have  obtained  the  following  positions  oi   the  cornel  for 

is:;,. (i. 

Qr.  M.T.  a(lS7:..M)  8(1875.0) 


EPHEMER] 


Mil 


Nov.  I  1.7396 
21.8542 


Hi     5    m.'.i 
L0  17     .VI 


+23     ::  17 
+  2:;  32   11 


from  which  ami  Coddington's   place  for  No;    26  I  have 

computed  tin.'  following  elements  anil  ephe lis. 

Elemek  rs. 
T  =  1899  Jan.  1.9198  Gr.  M.T. 

s  o)  =    39°  59   is  ) 
Q  =  102  22  30     L898.0 
i  =    26  10  58  | 
logy  =  0.415268 

}'«/<   University  Observatory,  1S98  Dec.  3. 


1898 

Dec.    5.5 
9.5 

l. •;..-, 
i:..-, 
21.5 


in  38  54 
L0  II  32 
in  19  58 
in  55  11 

II      ii      7 


log  A 

Br. 

0.3499 

117. 

0.3403 

1.52 

0.3309 

L.69 

0.3216 

l.r.i; 

0.3125 

1.73 

IB    GK1  I  NWII  II 

8 

•  24  12.0 

25  L0.3 

25  II.- 

26  15.1 
+26  52.1 

Brightness  Nov.  1  I  taken  as  unity. 
The  above  orbil   leaves   for  the  middle  observation  the 
i.    iduals:  — 

0— C  =  +1'  38"  in  longitude 

O  — C  =   +         .">"  in  latitude. 

This  disagreement  may  be  due  to  a  different  point  of  the 

roniH  lining  selected  fur  tin-   photographic  measurements 
than  for  the  visual  observations. 


COMET 

This  comet  was  discovered  by  Dr.  F.  L.  Chase,  on  Nov. 
21,  at  the  Yale  Observatory,  by  an  examination  of  four 
photographic  plates  taken  there  on  Nov.  14,  as  recounted 
by  Dr.  Elkin  on  p.  151  of  this  number.  The  object  was 
also  subsequently  identified  on  two  plates  taken  at  the 
Harvard  College  Observatory,  for  which  Prof.  Pickering 
gives  the  following  positions  : 

Greenwich  M.T.  a  8 

L898  Nov.  14     21  40*       loW.ii)       +23°  3  7.1  >  ,o--fl 
14     22  28  5  TiS.7  3  57  |  J    "'■ 

The  comet  was  observed  visually  by  Coddington,  on 
Nov.  2.'!,  24  and  25,  at  the  Lick  Observatory,  and  these 
observations  are  given  in  detail  on  p.  154. 

Orbits  were  computed  by  Coddington  and  Palmer,  and 
also  by  Chase,  and  are  given  on  pp.  153,  154.  The  latter 
finds  it  impossible  to  satisfy  the  observation  of  Nov.  21, 
and  attributes  the  disagreement  to  possible  difference  in 
the  points  taken  for  photographic  and  visual  measurement. 
In  effect  there  is  a  systematic  deviation  from  his  parabola, 
not  only  of  this  but  also  of  the  positions  on  Nov.  23  and 
24.  Ed. 

Since  the  above  was  placed  in  type,  and  just  before 
going  to  press,  the  following  observation,  taken  by  Mr. 
Wendell  at  the  Harvard  College  Observatory,  has  been 
received  from  Prof.  Pickering  : 

1S98  a  8 

Dec.  7     14  12*31  Cambr.  M.T.     in'W'lLlS     +24  57  52*6 
A  remeasurement  of  the  photographs,  communicated   M 
Prof.  Pickering,  gives  the  following  slight  corrections  to 
the  above  positions : 

Nov.  14         1st  plate,         Ju.  =    +o!c     —6 
2d  plate,  +0.2     +3 


j  1898. 

These  positions  of  Nov.  14  and  Dee.  7.  combined  with 
that  of  Nov.  25  at  Lick,  give  the  following  orbit,  by  which 
the  middle  place  is  represented  as  fellows: 


O-C,     z/AcosjS  =   +1".9 


Ift 


+  0".4 


El.lMKM  S. 

T  =  1S98  Sept.  18.132 

o,  =  3°  51   57,1  ; 

Q  =  95  52  17.1  US9S.O 

i  =  22  29  r,s.i)) 

log  rj  =  0.3582  is 

Equatorial  Coordinates,  1898.0 

.r  =  [9.966007] r  sin (190°  13'   2.2  +  v) 

y  =   [9.974676]  >•  sin  (108  32  31.1  +  w) 
z  =   [9.703260]c  sin(  55  29  46.1  +<•) 

Ephemeris  for  Greenwich  Midnight. 


Dec. 


398 

a 

8 

log  A 

Br. 

9.5 

Id 

42 

39 

+  25 

In. 5 

0.3054 

1.10 

11.5 

44 

57 

25 

25.7 

13.5 

47 

10 

25 

41.5 

0.2998 

1.11 

15.5 

49 

19 

25 

57.7 

17.5 

51 

21 

26 

14.4 

0.2947 

1.12 

19.5 

53 

17 

26 

32.2 

21.5 

r^ 

6 

26 

50.4 

0.2940 

1.13 

23.5 

56 

50 

27 

9.2 

25.5 

58 

27 

27 

28.6 

0.2851 

1.14 

27.5 

10 

59 

57 

27 

4S.6 

29.5 

11 

1 

09 

+  28 

9.2 

0.2810 

1.15 

Ed. 
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A   DETERMINATION    OF   THE   ORBIT   OF   COMET  189^  II. 


\i\    HERBERT 

The  elements  here  given  of  the  orbit  of  Comet  L895  II 

were  obtained  by  the  method  of  least  squares  Er 

normals.  The  dates  for  the  normals  and  the  residuals  be 
fcween  the  observed  positions  and  the  positions  computed 
from  these  elements  are  given  in  the  following  table. 
The  third  and  fifth  columns  of  the  table  give  the  numbei 
of  observations  used  in  each  normal. 

Perturbations  were  computed  for  all  tin-  planets  excepl 
Mars,  which  at  that  time  was  on  the  opposite  side  of  the 
sun  from  the  comet. 

All  observations  published,  so  far  as  I  am  aware,  were 
employed,  except  a  right-ascension  observed  at  Washington 
August  22  (O  — C  =  — 8!.7?>),  and  two  declinations  ob- 
served at  University  Park,  Nov.  8  (0— C  =  — 54".6  ami 
-63".0). 

In  the  determination  of  these  elements  I  was  assisted, 
at  first,  by  Mr.  Otto  Dunkel,  and  afterwards,  by  Mr.  E.  I  >. 
Eastwood,  the  whole  work  being  performed  under  the 
general  supervision  of  Professor  Stone,  the  Director  of 
the  Observatory. 

Leandcr  McCormick  Observatory,  1898  June  1. 


It.   MORGAN. 


R]  SIDUALS 

o    « 

Dal.-. 

da 

No.  of  Obs. 

Jo       No 

of  Obs 

895  Aug. 

27.0 

L20 

+0.79 

S,-|,t 

23.0 

+   2.40 

Mil 

+0.37 

111 

Oct. 

17.0 

-   .".nit 

-1.68 

52 

Nov. 

15.0 

33 

0.16 

31 

Dc,-. 

L3.0 

+  :;.<;n 

27 

+  1.1-.7 

26 

896  dan. 

6.5 

+  5.55 

L0 

+  6.10 

8 

Feb. 

3.5 

+  16.50 

:; 

-  9  :: 

3 

III  I   Ml   \l- 

Epoch,  1895  Lug    24.5,  Greenw.  M.T. 
Mean  Equinox  and  Ecliptic  L895.0 

.1/ =  0°3o' 10/75 

u>  =  167    16     9.96 

Q,  =  17H   is  24.97 

i  =  .",     o  26.71 

(j  =  in   13   17.25 

^  =  I91".5091 

log  „  =  0.5723167 


ORBIT  OF  THE  SMALL  PLANET  DQ, 

By  s.  C.  CHANDLER. 


All  the  available  observations  of  !>(,>  have  been  cor- 
rected lor  parallax  and  aberration,  and  united  into  the 
following  normal  places  : 


(i    c 


AllL 


Sept 


Oct. 

Nov. 


17... 
24.5 
1.5 
13.5 
°'i  5 
11.5 
11.5 
26.5170T 


Obs'd  Normals.  Eq.  1898  n 

21  21 »".-.( f.89  -6° 2]  27.3 

111     S   16.15  -IMS     7.1 

L'u  55  35.58  -6  is  12.6 

l'ii  II  54.33  6  21     l.i' 

•_'ii  36  19.66  I',  i'ii  13.0    *  ii.ii.-.      ii.r. 

20  :;:i    2.16  —6     '.'    ."..1     r-0.30      1.6 
L'l  12  :u.47  -4     r,  L6.6  +0.01      6.1 

21  .".7  4.!. 7.7  -2  22  PLC    +0.02       0,7 


0.02  +H.7 

iM7.  +3.3 

+0.04  +1.7 

(til  -ii.:; 


1  am  indebted  to  the  directors  of  the  observatories  at 
Mi.  Hamilton,  Washington  and  Harvard  College,  for  the 
communication  of  observations  bj  Hi  ssj  i  i  Noi  6  .  Frisbi 
(Nov,  lh  and  Wi'M.rii  (Nov.  II  and  Ii'm.  These  form 
the  seventh  normal.  The  observation  of  Nov.  26 
Barnard,  who  also  kindly  scut  .lata  for  thirteen  othei 
dates,  in  September  and  October.  The  deviations  0  C 
are  from  the  following  nrl.it.  computed  from  the  first,  fifth 
and  eighth  [daces  given  above 


Epoch  1898  Au-.  31.5  Gr.  M.T. 
.1/  -  221    I.-.   15.6 

w  =  k:;  :;:;  32.5  )  M  =  201  I 

&  =  303  29   15.4      L898.0     logo  =  0.1638739 
i  =    10  49  27.2  )  Period  643.29  .lays. 

.,  =     12  52  32.8 

rORIAL    I   :i.|  \  A  I  ES,    I  898  0 

x  =  [9.9946078]     sic  (21  I   31    l8.0+») 
y  =  [9.941  I'M.-  ,■  sin  (116  28   17.1 
z  =  [9  7080782]  r  sin(137     1     0 

1*111  EMERIS     FOB    GREENW  Kit     M  I  ON  [GHT. 


is:  is 

a 

log  A 

Mag. 

Dec     1.5 

21 

5  'j 

51.8 

l    l  l 

.".7 

6.5 

21 

7,1 '. 

is;; 

0  :..; 

2:; 

0.1  loo 

12.7. 

8.5 

.... 

ii 

18.6 

0  37 

37 

L0.5 

1 

52.6 

0   [8 

15 

0.1480 

L2.fi 

1 2.5 

9 

0.3 

■  0     i 

;:i 

II..-. 

i:; 

11  .". 

t>  21 

7.2 

0.1544 

12.7. 

16.5 

17 

26.3 

0    l- 

1.". 

1S.7, 

21 

II  5 

I    1 

8 

o  L605 

L2.6 

20.5 

26 

6.2 

I   26 

(i 

22.5 

30 

31.3 

1     is 

.... 

o  L663 

L2.6 

2 1  5 

:;i 

59.6 

2    11 

12 

26.5 

39 

31.1 

2  :;i 

30 

0.1716 

L2.6 

28.5 

I  l 

7..7 

2  :.s 

1  1 

30.5 

.... 

IS 

13.6 

•  3  22 

21 

L2.6 

1 56 
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THE    LEONID   METEOB   SHOWEB   OF 

liv    EDWIN    F.    SAWYER. 
The  watch  for  the  advance  guard  of  the  Leonid  meteor 
shower  due  next  year,  onNoi 


1 1  and  continued 
until  the  18th,  although  opportunities    for  observin 
shower  only  presented  themselves  on  the   llth,  L2th  and 

]  ill,,  mill  Eor  a  shorl  time the  L5th,  on  Hn'  other  night-. 

the  skj  remaining  persistentlj  overcast.  On  all  iht.-ish.hs 
the  center  of  observations  was  the  Bickle  in  Leo,  and  tin; 
\  i,.u  it  tricted  to  one  sixth  of  the  visible  heavens.  On  the 
Hth,  from  I4h  to  15h,  onlj  three  meteors  were  seen,  none 
being  /  eonids.  On  the  L2th,  from  171,  to  IT'1  30m,  only  one 
laini  meteor  was  observed,  aol  a  Leonid.  <  In  the  14th  the 
watch  was  quite  successful  and  was  prolonged  three  hours 
from  13hta  I6hwith  the  results  given  below.  On  the  15th, 
from  llh.45  to  L2M5,  only  one  was  situ,  nol  a  Leonid. 


Limits  of  Watch 
B.M.T. 

Duration 

Meteors  Situ 

Leonids 

Others 

I'olal 

li        in             h       in 

13    0       L3  30 

i:;  30  -  14    0 
II     0  ■    14  30 
1  l  :;ii       L5    0 
15     0  -  15  30 
15  30-16     0 

30 
30 
30 
30 

30 
39 

9 

5 

7 
8 
6 

2 

1 
2 

1 

4 
2 

11 

6 

9 

8 

12 

8 

180 

42 

12 

54 

Per  cent,  of  Leonids,  78.0. 
Brighton,  1898  November  20. 


L898, 


;  ,   i  ude    "i  i  hose  recorded  were  as  follows  : 


Leonids 

Others 

Total 


>1» 

4 

0 


I 
11 


I  I 

•■; 

I I 


4»< 

13 


20 


Total 
12 
12 


[a  mapping  the  meteor  tracks,  attention  onlj  was  given 
to  those  with    short   paths  accurate!]   observed   uear  the 
radiant  center,  and  only  five  such  were  noted,  which 
well  determined  center  as  al  R.A.  148°.75 ;   Decl.  +22°.25. 

M  i:i  BOB    TK  ii  KS    M  All  i  H 
( ibserved  Path 


Boston 
M.T. 

Mag. 

h        in 

L3  -1 

3 

l:;  59 

1 

14     1 

>1 

1  1    13 

3 

15     :: 

1 

From 
R,  \.     Decl. 


To 
R.A.     Decl. 


154  +24.5 

155  +25| 
161.5+18.5 

1  17.5  +  14 
1  13    +9^ 


155.5  +  1'5 
157     +1'7 
164    +17J 
1474;  +12 
142    +    7 


Length 

of 

Wl 

Tath 

2 

1 

2 

4 

3 

3 

■> 

3 

3 

3 

The  bright  meteorswere  of  a  decidedly  green  color,  with 

persistent  streaks,  in  one  case  lasting  half  a  minute. 
There  appeared  to  be  no  increase  in  the  number  observed 
from  hour  to  hour  during  the  watch. 


NEW    ASTEROIDS. 


L898 

M.T. 

a 

S 

Daily  Motion 

Discoverer 

DV 

12 

Nov. 

8 

9  57. 6  \  ice 

2  49  36 

+  15  31 

-60  -2 

( 'harlots 

DV 

12 

Nov. 

6 
13 

11  18.0  II 
8  16.0 

sidelberg 

3  10     8 
3     4  36 

+  20  50 
+  18  56 

Wolf.   Srhwassmann 

DW 

12 

Nov. 

6 
13 

11  18.0 
8  16.0 

" 

3     4  40 
2  58  40 

+  18  15 

+  17     7 

Wolf,  Villiger 

DX 

12 

Nov. 

6 

11  18.0 

» 

3     2  24 

+  17   15 

-41    -9 

Wolf.  Villiger 

DY 

13 

Nov. 

13 
18 

12  54.ii 
10  52.0 

« 

3  39     0 
3  34  48 

+  17  59 
+  17  38 

Wolf,  Villiger 

DZ 

12 

Nov 

19 

in  26.0 

" 

3  20  16 

+  19     2 

-60   -5 

Wolf,  Villiger 

/<:  i 

12.5 

Nov 

19 

13  39.0 

a 

2  57  12 

+  15  30 

-44   -9 

Wolf,  Villiger 
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Desiring  to  make  some  investigations  on  the  secular  per- 
turbations of  the  solar  system,  it  was  necessaiy  to  choose 
values  for  the  masses  of  the  planets.  Mercury  givi 
most  difficulty  in  this  respect,  the  values  attributed  to  its 
mass  being  so  discrepant.  They  have  been  derived  from 
its  action  on  Venus  or  on  Encke's  comet.  To  weight  them 
and  so  take  a  mean  is  a  method  of  treatment  which  docs 
not  recommend  itself.  Cinder  these  circumstances  it  has 
seemed  to  me  that  a  value  of  the  mass  deduced  solely  from 
analogical  considerations  might  be  acceptable. 

If   there   is  any  truth    in   the   nebular  hypothesis,    the 

materials  forming  the  masses  of  the  four  planets  Mercury, 

Venus,  the    Earth,   Mars  and    the   Earth's  moon  ought  to 

have  approximately  the  same  chemical  constitution.     Now 

the  matter  composing  the  outs  I   the  Earth  has  a 

density   aboul  2.55  (thai   of  water  being  unity)  while  the 

mean  densitj    is  5.67.     We  hence  infer  that   the  density 

varies  in  the  interior  through  the  effect  of  pressure,  and 

the  phenomena  connected  with  the  rotation  of  the  Earth 

are   very  well   satisfied   by   what    is   known   as    Legendre's 

,         „   ,       .  ,  sin///>"         ,  .  ,      , 

law  ot  densitj     i>  =   /.         — ;     where  a  denotes  the  den- 

/• 

ind  /•  the  distance  of  the   matter  considered   from  the 
i  th,  while  /■  and  aits,  t  he  Lat- 

ter showing  the  degree  of  compressibility.  Without  mak- 
ing a  violent  hypothesis  this  law  may  he  extended  from 
the    Earth   to  the  ot  hi 

m  being  supposed  the  same  for  all,  while  /.'  may  he  different 
Eor  each.  Knowing  the  masses  of  all  the  bodies  hut  Mer- 
cury, we  may  derive  the  value  id'  /.•  for  each  of  four  different 
Cases.  Then  we  may  attribute  to  Mercury  a  superficial 
density  equal  in  succession  to  that  oi  each  of  the  four  re- 
maining bodies,  ami  thus  arrive  at  four  different  values  for 
the   mass  of   th,'  former:   and    their  agreement  or  disagree- 


NOTE  OX   Till-]    MASS   OF   MERCURY, 

Bi   i..  w.  HILL. 

ment  will  afford  a  criterion  for  the  measure  of  success  of 
the  treatment. 

T  have  compiled  the  following  table  of  necessary  data  : 


Semi-diameter 

at  distance  1 

Reciprocal 

of  ma-- 

'•"-/' 

Mercury 

3.34 

9.58026 

0.03020 

Venus 

8.546 

ins 

9.98827 

0.31283 

Earth 

S.7S 

:;:;:;  4  in 

O.OIK  I' HI 

0.34632 

MoOtl 

2.393 

i'717s i 

9.43551 

0.01636 

Mars 

5.054 

3093500 

9  76013 

0.07321 

The   values  of  the   semi-diameters   are   those   whic 
employed    in    the    American    Ephemeris.      By   consulting 
Hoi  zeai  's   Vade-mecum  </■  I'A&tronome  it  will  be  seen  that 

imers  are  m,t  well  agreed  upon  these  constants 
in  quite  recent  times.     The  value  of  the  equatorial  ho 
tal   solar  parallax    ha-    been   diminished  a  little   to  make   it 
correspond  to  the   Earth's  radius  in  latitudi  35       Taking 
this  radius  as  the  unit,  the   column   headed  "  I. 

jarithm  of  the  radius  •<  o!  each  planet.  I.  I 
note  the  density  at  the  surface  and  A"  the  mean  d( 
Then  Legendre's  law  of  density  gives  the  equation 

ir         ::  r  1  1 

,,    =  —      -     —  cot  ma 

I,  in" 

of  the  Eari 


11  ,1 

— eot  ///      = 

in  [_>/( 


5.67 

■ 


Om  which     ;//    ^    2.5518  lir,     ll'    L'h  .      !• 

now    thi>  value  of  m  a- well  as  those  of  the  several 


compute   the   \  alues   ot       - 


ach   planet,  and  their 

in  the  last  column  of  tl 
The  details  of  the  computation  of  the 
severally    from  the  four  other  bodies  is  thus  shown: 

fl57) 


L58 


THE     A.STRONOMICAL     JOURNAL. 


N     152 


Log  reciproi 

T    '    fa 


Log    '.  of  planet 


i; 


Log        of  Mercury 


R   ""   ' D  R 

Log  reciprocal  of  mass  oi    \Iercury 
Mass  of  Mercury 


5.61066 
L.22403 

0.28263 


5.52306 
L.25922 

0.31612 


Afoon 
7.43422 
•J  56575 

9.98616 


6.49045 
0.53961 

0.04301 


7.11732    7.09840    6.98613    7.07307 

i  9  -.  i  \  

The  three  planets  give  results  quite  accordant,  bul  the  one  from  the  Moon  is  somewhat  larger.     Taking  the  mean 
of  the  four  values  we  have  for  the  mass  of  Mercvry  ,  ,  ,,  .;  ,,„,,. 


STATEMENT   OF  THE   THEORETICAL    LAWS 

V,\   SIMON   NEWCOMB. 

.       I  have,  during  the  past  seven  years,  in  the  Astronomical 
Journal  and  elsewhere,  stated  several  theorems  relating  to 


OF   THE    POLAB    MOTION, 


the  variation  of  latitude  which,  when  combined, .  would 
form  the  basis  of  as  complete  a  theory  of  the  subject  as  at 
presenl  seems  to  me  possible  of  construction.  1  have  not, 
however,  been  able  to  put  a  complete  paper  on  the  subject 
into  a  satisfactory  shape.  As  the  exact  relation  of  what  1 
have  said  to  the  observed  motion  of  the  pole  may  not  be 
entirely  clear,  I  shall  ask  leave  to  state  the  conclusions 
derived  from  pure  theory,  without  respect  to  the  question 
of  their  agreement  with  observation. 

1.  Considering  the  earth  as  an  elastic  solid,  covered 
wholly  or  partly  by  an  ocean  and  an  atmosphere,  in  a  state 
of  rest,  the  only  motion  of  the  pole  would  be  the  so-called 
Eulerian  motion,  consisting  of  a  revolution  of  the  axis  of 
rotation  around  a  certain  mean  pole  of  Figure  P0.  This 
revolution  would  take  place  in  a  circle  if  the  equatorial 
moments  of  inertia  were  equal ;  in  an  ellipse  if  unequal. 
In  the  actual  earth  there  is  not  likely  to  be  such  a  differ- 
ence of  those  moments  of  inertia  as  to  give  rise  to  a  sensi- 
ble ellipticity  in  the  motion.  The  period  of  the  motion 
cannot  be  determined  from  theory,  because  the  mean  elas- 
ticity of  the  earth  is  unknown.  But  it  cannot  be  so  short 
as  130  days  unless  the  earth  is  more  rigid  than  steel. 

2.  The  Eulerian  motion  as  thus  described,  is  subject  to 
modifications  by  movements  of  matter  on  the  earth's  sur- 
face. These  changes  are  of  two  kinds,  statical  and  dyna- 
mical. 

3.  The  statical  changes  are  such  as  arise  from  the  an- 
nual deposit  of  snow  on  the  continents.  These  have  no 
direct  effect  on  the  Eulerian  motion,  but  only  change  it  by 
altering  the  position  of  the  pole  P0,  thereby  causing  the  in- 
stantaneous motion  of  the  axis  R  of  revolution  to  change 
its  direction  or  its  velocity.  These  changes  being  annual, 
their  result  will  be  represented  by  an  annual  term  in  addi- 
tion to  the  regular  Eulerian  motion.  Owing  to  the  approxi- 
mate symmetry  of  the  American  and  Oceanic  continents  in 
the  Northern  hemisphere,  it  does  not  seem  likely  that  the 


assymmetry  of  the  snow-fall  during  winter  could  produce  an 

annual  term  exceeding  three  or  four  hundredths  of  a  second. 

4.  The  dynamical  causes  are  atmospheric  ami  oceanic 
currents.  Were  these  currents  invariable,  and  were  the 
earth    circular,    the    pole    would,    in    consequence,    revolve 

steadily   and    invariably,   ac 'ding  to    the    law    stated    in 

A.J.,  Vol.  XVI,  p.  81.  The  earth  being  aspheroid,  the  cause 
in  question  so  acts  as  to  displace  the  center  of  the  Eulerian 
motion  from  the  actual  pole  /'  to  urn  a  point  /"that,  if 
the  pole  of  revolution  I!  were  at  /".  the  dynamical  motion 
in  question  would  be  exactly  annulled  by  the  Eulerian  mo- 
tion of  H  around  P..  The  Eulerian  motion  will  then  take 
place  around  P1  as  if  this  were  the  pole  of  figure. 

5.  Were  the  currents  in  question  steady  throughout  all 
time,  the  pole  lJl  would  remain  invariable.  But  they  are 
subject  to  annual  variations,  the  possible  amount  of  which 
can  be  only  roughly  estimated,  and  the  varying  momenta! 
axis  of  which  must  remain  absolutely  unknown.  We  must 
therefore  conclude  that  the  virtual  pole  P'  is  subject  to  an 
annual  change,  the  a  priori  determination  of  which  is 
impossible. 

6.  Were  the  annual  changes  in  question  the  same  in 
every  year,  the  actual  revolution  of  the  pole  would  be 
represented  by  two  periodic  terms,  the  one  having  the 
Eulerian  period  and  the  other  a  period  of  one  Mar. 

7.  The  annual  meteorological  changes  not  being  the 
same  from  year  to  year,  but  yet  being  invariable  in  the 
general  average,  it  follows  that  the  general  character  and 
magnitude  of  the  annual  term  will  be  permanent,  as  will 
also  be  the  period  of  the  Eulerian  term.  But  the  effect  of 
accidental  differences  in  the  annual  meteorological  move- 
ments from  year  to  year  will  be  to  produce  changes  in  the 
amplitude  of  the  Eulerian  motion.  Each  such  change  will 
be  permanent  in  its  nature,  but  constantly  subject  to  in- 
crease or  diminution  by  subsequent  changes.  Hence  the  ampli- 
tude will  be  subject  to  slow  changes  from  time  to  time,  which 
do  not  admit  of  prediction,  while  the  apparent  period  will 
be  subject  to  small  irregular  oscillations  round  a  mean  value. 
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Owing  to  the  impossibility  of  setting  exact  limits  to  the 
possible  annual  changes  in  atmospheric  currents,  it  is  im- 
possible to  say  absolutely  thai  any  conclusions  of  this 
theory  are  at  variance  with  the  deductions  from  observation 
by  Mr.  Chandleb,  as  found  in  the  AstronomicalJournal. 
Whatever  motions  be  observed  in  the  pole,  we  may  assume 
atmospheric  currents  which  would  give  rise  to  them.  A.t 
the  same  time,  we  may  set  moreor  less  probable  limitations 
to  these  changes.  Considering  the  probability  of  the  cur 
rents  in  question  changing  between  certain  limits.  I  would 
lay  down  the  following  statements :  — 

a.  It  is  cpiite  within  the  limits  of*  ordinary  probability 
that  the  coefficient  of  the  annual  term  should  amount  to 
0".10.  But  the  probability  rapidly  diminishes  when  we 
suppose  it  to  have  a  larger  value  than  this. 

(5.  It  is  extremely  improbable,  one  might  say  it  is  in- 
compatible with  anyr  probable  law  of  change  in  the  atmos- 


pheric  .that  the  annual  revolution  should  be  in  a 

markedly  elliptic  path.     That  is  to  say,  Mr.  Chandler's 

conclusion  that  tin;  annual  term  is  . 

i-,  iint  easily  explicable  Wythe  probable  action  of  any  known 

cause.     The  question  whether  the  ellipticity  which  hi 

i>  real  and    not   due  to  ei  rora  oi  observation  -   from 

and   diurnally   changing  causes,  is   fort 
purpose  of  tin-  paper. 

1  quite  agree   with    Mr.  Chandler  ae    to  the  eminent 
desirability  of  determining  the  actual    polar  motion 
observations,  with   entire  disregard  of  any   theorj        B    I    1 
think   it  would   be  a  mistake   to  conclude   that,  having  laid 
clown  these  motions,  and  having  approximately  t 
them  by  empirical  formulas,  such  formulas  are  to  1»-  taken 
as  expressing  the  actual  law  of  the  motion,  im  • 
their  agreement  w  ith  theory. 


SUPPLEMENTARY  NOTE  OX  THE  DEVELOPMENT  OF  THE  PERTURBATIVE 

FUNCTION, 

llv  ALEXANDER   s.  CHESSIN. 


In  a  previous  note  (See  Xo.  442)  the  author  has  indi- 
cated a  method  for  computing  the  terms  in  the  develop- 
ment of  the  perturbative  function  by  which  a  great  economy 
of  work  is  obtained.  While  the  formulas  given  in  that  note 
referred  chiefly  to  Prof.  Xewcomr's  form  of  development 
it  has  been  already  stated  that  the  method  applies  as  well 
to  LeYkkkiek's  development.  This  statement  will  be  illus- 
trated here  by  an  example.  In  this  connection  it  may  be 
well  to  remark  that  Prof.  Newcomb's  development  of  the 
perturbative  function  in  terms  of  the  mean  anomalies 
is  directly  reducible  to  LeYkkkiek's.  while  the  method 
used  by  Prof.  Newcomii  to  arrive  at  this  development 
is  by  far  more  elegant,  and  at  the  same  time  more 
practical  than  LeYkkkiek's.  To  make  it  clearer,  to  every 
coefficient  in  LeYkkkiek's  development  corresponds  one  in 
Prof.  Xewc  omk's  which  differs  from  the  former  only  in  that 
derivatives  with  regard  to  log"  are  used  instead  of  deriva- 
tives with  regard  to  a.  Thus,  the  terms  of  the  class  (•  in 
Prof.  Newcomb's  development  are  of  the  form 

P  cos  \(i+  »>){/'  —  (i  +  n)g+  lie'  —  iw\ 

and  those  in  LeYekkiek's  are  of  the  form 

N cos  \(i+m)l'—  (i+n)k— mm'+nw] 

\   =    I  +  t'-t 
ill    =    tu  +  t'—  t 


II-    = 

/'  = 


IS  —  T 

m>+g' 


=     ID  —   T 

=  nr  +  g  + 


and  i  aerefore, 
(i+m)l'—  (i+n)k 


wild 


and  g,  g1  denote  the  mean  anomalies  of  the  disturbed  and 

disturbing  planets  ;    ir,  ir'  the  distances  of  the  common  node 

of  the  two  planets  from  the  respective  perihelia;  1,1  the 


mm'  ■+■  nui 

=  \i+  m)  ■/'  —  |  i+  n  '  g  +  in-'  —  in- 

Eence  we  must  have     I'  =  Y,     and  as  both  V  am. 
developed  in  powers  of  the    eccentricities  e,  .  '.  tie- 
in  I.kYkkkikk's  ami  in   Newcomb's  developments  bi 
at  once  comparable.     In  fact  the  coefficients  of  the  several 
powers  of  e,  <•'  will  differ  only  in  that  the  derivatives  with 

fi    i" '  '  to        by  LeYerrier,  and  with  respect  to 

Logo  by  Mr.  Newcomb.     Now,  as  it  is  a  simple  operation 
to  pass  from  one  to  the  other.  Professor  Newcomb's 
ment  could  be  directly  obtained  from  I.i  Verrij 

While  in  this  manner  the  actual  development  of  P 
Newi  OMB could  hardly  be  called  distinct  from  Li  \'i  kkii  k's, 
it   presents,  as  remarked  above,  an    important 
over  the  latter,  namely,  in  the  method  of  obtaining  it. 

Indeed,  by  this  method  every  symbolic  term 
in    function    of   symbolic   terms   of    lower  orders,    which 
furnishes  a  means  for  the  direct  extension   of   the   develop- 
ment   to   terms    of    higher  order.     Nor    is  this  the  only 
feature   which   marks  the   superiority    of    Mr.    Newcomb's 
method.       But  it  is  not    the   purpose  of  this  no:, 
this  point.      The  author  intended  only  to  shovi  that  in  their 
final  form   LeVerRIEr's  and   Ni  Wl  OMB'S  developments  wen- 
identical    save  for  the   i  I    using  derivatives  with 
respect  to  .-  or   log  a.     This    tact    being   established   the 
formulas  given  by  the  author  in  the  note  referred  to 
once  applied. 1,    io   LeVerrikr's  development 


mean  longitudes;  and  t,  t'  the  Longitudes  of  the  common     give  an  illustration,  we  find  in   Prof.  Newcoi 
node  of  the  two  planets  measured  on  their  fi  irbits.     ment  the  following  expression  for  the  symbol 

Then  we  have  // 
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92160  Tl\   -    (128*1     •Jinn/'  t  I7miii/-'-i;i;7!Mi4-M  L34246  i*     138970* J+59570/) 

t   (320i(     5232i8+33140»<     L04095  i»+l  72821  is     L47149t+60195).D 
_'.ss;      3840i4+19030t'     15045 1» + 55026  i     30679)Z>1 

l   ,su/'     600  i'  (  995  ;■     17.'.;  I  326)  /' 
+  (-40t«+570t«     22701+2515)^ 

+-  (_:;i;;-  |  285t    520)  /• 

+  ,_  10, •  +  :;:),  />■■     h 

to  which  corresponds  in   LeVerriek  the  term 

(379)1  i     (64i7-1200ie+8900i«-33395i4+67123t,-69485t!,+29785t)^ 

■„  (320t«     4944tB+29380i<     85705 »•+ 129305 ta     93943i+21875)   l 
+  ^  |  is  i "     600  i4+2825  i»— 6435  is+727J  i— 3125)  .1, 
+  '!'',  (16i4     ir.s;3  +  703;--1444/+lll'.-.i.l; 
+  ".',  (_4t»+21t*-7t-50)4 
+    i    (_12t«+45t-25)  I 
+  ("-10/+18).lc-7.l? 

Instead  of  the  first  ot  these  two  formulas  the  method 
proposed    hj    the   author   furnishes   the    following   much 

simpler  one, 

III  =  71H  +2(i-6)J7S+  1  (-3i+10)  II 
+  ,'..  (-3t+4)  //',+  ..',  (-4*+3)  //; 
+  ,|T(-K+2)I7S+A  (-«+l)JJI-  Mftt 

In  place  of  this  we  would  have  for  LeVerrier's  develop- 
ment the  formula 


(379)li>   =   7(450)«)-r-4(i-6)(434)">  +  (-3i+10)(378)< 
+  |(_S»+4)(886)»+!(-4»+S)(240)M 
+  ^(-5i+2)(172)O+f|(-6t+l)(50)"' 

-WW 


which  can  be  directly  verified.  It  has  been  derived  here 
from  the  formula  immediately  preceding  it,  ami  by  com- 
paring, as  explained  above,  LeVeerier's  and  Newcomb's 
developments,  which  give-; 


II,   I 

niA. 


(i)'(450)«- 


and  so  on.  The  factors  (£)',  (£)6,  .  .  .  appear  because  the 
development  of  LeVerriee  contains  the  powers  of  half 
the  eccentricities,  while  in  Prof.  Newcomb's  development 
the  powers  of  the  eccentricities  themselves  appear. 

New  York,  1898  Oct.  1. 


THE   SMALL    PLANET   J)(J   AT   THE   OPPOSITIONS   OF   189:5-94   AND    1896, 

Bv  s.  ('.  CHANDLER. 


The  important  use  to  be  made  of  the  planet  DQ  in  the 
future  in  the  solution  of  various  astronomical  problems, 
and  particularly  the  most  immediate  service  for  which  it 
will  be  called  upon  at  the -coming  opposition  of  1900-01  in 
the  determination  of  the  solar  parallax,  make  the  problem 
of  perfecting  its  theory  one  of  the  highest  exigency.  As 
a  help  towards  its  solution  it  is  an  obvious  suggestion  that 
the  most  efficient  means  would  be  a  recovery  of  observa- 
tions of  the  planet  at  the  bright  opposition,  near  perihelion, 
in  1893-94;  and  it  has  seemed  probable  that  existing  im- 
pressions of  it  might  be  found  on  the  numerous  photographic 
plates  taken  in  many  places,  for  various  other  purposes,  at 
thai  time.  Especially  likely  to  yield  such  material  were 
the  photographs  for  the  astrographic  charts  and  catalogue 
then  under  way.  and  the  large  store-house  of  plates  accu- 
mulated at  the  Harvard  College  Observatory.  It  appeared 
to  me  that  even  at  this  early  date  a  search  for  such  obser- 
vations might  be  hopefully  undertaken.  To  contribute  a 
small  part  toward  such  a  desirable  result,  by  making  the 
necessary  preliminary  calculations  by  means  of  which  such 
a  search  could  be  instituted,  if  those  in  possession  of  the 
plates  would  undertake  it,  I  communicated  with  Prof. 
Pickering  on  the  subject  of  its  prosecution.  He  was  fully 
alive  to  its  importance,  and  desired  and  intended  to  begin 


it  so  soon  as  the  requisite  means  in  the  way  of  trustworthy 
ephemerides  should  be  forthcoming. 

It  was  in  behalf  of  this  project  that  1  was  led  to  the 
calculation  of  the  elements  given  in  A.J.  451,  as  a  first 
approximation.  An  observation  of  Dec.  3,  received  from 
Prof.  Barnard,  showed  a  deviation  of  —  0\22  and  — 6".4 
(O  —  C).  This  and  the  deviations  from  the  normals  there 
given  seemed  to  show  that  no  serious  correction  to  the  mean 
motion  need  be  feared,  and  that  the  orbit  would  prove  ade- 
quate for  the  purpose  in  view  without  further  amendment. 
Of  course  the  difficulty  attending  the  proposed  search  was 
due  largely  to  the  uncertainty  of  the  element  p.  This 
differs  by  several  seconds,  between  2010"  and  2015",  in  the 
various  elements  already  published.  Now  an  error  of  1"  in 
the  mean  motion  corresponds  to  6°  or  7°  in  the  geocentric 
place  at  the  beginning  of  1894.  As  a  matter  of  fact  these 
various  orbits  differed  by  a  couple  of  hours  in  right-ascen- 
sion and  many  degrees  in  declination,  among  themselves, 
in  the  places  they  assigned  to  the  planet  about  the  time  in 
question.  But  I  felt  somewhat  confident  that  my  determi- 
nation of  fx  might  be  relied  upon  within  1".  As  a  matter 
of  fact  the  correction,  since  indicated  by  the  result  of  the 
search  to  be  described  in  this  paper,  is  only  +0".6. 

I  accordingly  prepared  an  ephemeris  for  the  perihelion 


N'°  4.-.1' 
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lion  of  1S94,  extending  from  October  1893  to  April 
1894,  giving  also  at  various  points  of  the  trajectory  an 
indication  of  the  line  of  uncertainty  depending  on  the  un- 
certainty in  the  mean  motion.  This  was  sent  to  the 
Harvard  College  Observatory,  where  the  hunt  was  at  once 
begun.  The  result  was  at  first  unsuccessful.  I  wish  here 
to  express  my  appreciation  of  the  patience  and  willingness 
to  continue  the  investigation,  under  such  discouraging  cir- 
cumstances, evinced  by  both  Prof.  Pickering  and  Mrs. 
Fleming.  As  an  illustration  of  the  vexatious  sources  of 
confusion,  tending  to  mislead — and  there  were  many 
others  —  a  bright  object  of  the  9th  magnitude  was  found 
at  about  8b  34™,  +  50°.4,  or  27™  billowing  and  2  .6  south 
of  the  predicted  place,  thus  almost  exactly  the  amount  and 
direction  which  au  error  of  —  1"  in  p.  would  give.  While 
this  was  possible  I  felt  convinced  that  it  was  in  the  opposite 
direction  from  that  in  which  the  planet  would  be.  and  was 
actually  ultimately  found,  and  fortunately  no  further  time 
was  wasted  upon  what  finally  proved  to  be  a  new  variable 
star. 

Since  it  was  found  that  there  were  numerous  plates  taken 
at  Arequipa  in'  1S96,  in  the  neighborhood  of  the  planet,  a 
searching  ephemeris  was  prepared  also  for  that  opposition, 
notwithstanding  the  discouraging  circumstance  of  the  com- 
parative faintness  of  the  planet  at  that  time,  between  1  1 " 
and  12".  The  outcome  of  this  step  was  that  an  object  was 
detected  "n  four  plates,  for  which  the  deviations  from  the 
ephemeris  wen-,  approximately. 

O-C 


1896    April  6 

_0  36.0 

-4.S 

dune  4 

-1   16.7 

5.9 

dune  5 

-1   16.4 

_.-».<; 

June  5 

-1    16.7 

5  8 

This  evidence  was  conclusive  of  the  identity  with  the 
planet  sought  for.  and  gave  at  once  the  means  .if  CO)  n 
the  orbit  and  resuming  the  Inmt  at  the  1893  '.'I  opposition. 
Computation  showed  that  a  correction  to,,  of  -f-0".60  was 
red.  The  other  elements  were  also  slightly  varied,  as 
follows: 

Epoch  1898  Aug.  31.5  Gr.  M.T. 


M  =  221   35    15.6 

,„  =  177  :;:  56.0  > 

=  303  :;i   7,7.1      1898.0 
=     lo  ;,(i  U.8) 
=     11'  52     9.8 

-  2015".2326 

-  0.1637876 


a 


Period  643.10  daj  s 
With  a  new  ephemeris  based  on  this  orbit,  a  revision  of 
394   plates  a  >v    t-esuli  d  in  the  detection  of  objects, 

undoubtedly    the  planet,  on  ;n   least    six    plates.       For    these 

tin-  deviations  from  the  above  orb  t  were  as  follows: 


1893   Dec. 

l'.i 

l>ee. 

27 

-o.:; 

1894    dan. 

1 

-1.!) 

-1.0 

Feb. 

16 

+5.1 

-1.0 

April 

i<; 

-     2 

April 

is 

•  7   I 

+  0.1 

It  is  interesting  to  note  that  the  range  covert  ■ 
identifications  is  four  months  and  95°  of  belioo 
during  two  months  of  which  the  planet  was  less  thai 
distant  from  the  earth,  the   nearest   approach   being  only 

0.153,  which    is   practically   as    near   as   it 
This  emphasizes  the  great  importance  of  these  ol 
which  will  furnish  the  means  for  an  independent  determina- 
tion  of  the   orbit,   of    very    high    precision,   from   th 
position  alone.     The   bearing  of  this  circumstance  <>n  the 
ting  of  the  theory  of  the  planet  is  manifi 
Prof.   Pickering  informs   me  that  a  furthei 
more  than  likely  to  \  ield  other  observations 
since  the  fund  of  plates  is  by  no  means  exhausted, 
this  reason  I  do  not  deem  it  worth   wbilt  I    the 

above  elements  at  present,  but  shall  await  the  full  i 
tion  of  the  available  material  of  the  plates,  when   I  shall 
determine   the  orbit   definitively,  including    the  perturba- 
tions, from  all  the  oppositions  observed.      For  the   present 
the  provisional  orbit   above  given  represents  the  observed 
path   within    such    narrow  limits,  as   is   shown    by  t; 
table  of  residuals,  that   tin-   ephemeris  will   perl 
for  the  identification  of  the  planet,     it  is  therefore  j 
below  for  six  months  during  which    it  was   brighter  than 
the  t.  -nth  magnitude.    The  places  are  ref en  quinox 

of  1894.0.     Tie-  the  equator  are 

593.0 

a  -  [9.994591  \r  sin»(21  1  34  !  t  •  - 
,/  =  [9.941491]  r  sin  v\  116  •"."  15.1  - 
z   =   [9.708145]r  sin»(137      I    12.6  I 

394.0 

.,■  =  [9.994593]  »■  sinv(211  :;."■  5  7  - 
V  =  [9.941  182  r.8  ■  r) 

[9.708168]  r  sin  ■  •■  137     5  20  -  I 
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( »ct.    27  •"■ 


31.5 

\  I  .'. 

8.5 
12.5 
16.5 
20.5 
2 1  5 


5  56  22 

6  8  15 
20  3 
31  39 
13  0 

6  53  36 

7  I  is 
13  59 

7  22  48 


J-53  18.6 

54  15.0 

55  1.8 
55  49.6 

57  0.4 

57  25  I 

7.7  ll.:; 

-7.7  47.9 


log  A 

9.6713 


9.6254 
9.4772 


9.31 
9.02 
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Da 

18W 

2.6 

a  (1894  0) 

:":;d":."j 

8(1894.0) 
4-57    13.8 

log  A 

Mag. 

um 
L6.5 

a  (1894  0) 

i,     in     ■ 
7  30   16 

-  4.0) 

0   IV" 

log  A 

9.2994 

Mag. 

7.71 

6.6 

36 

54 

57 

27.4 

9.4240 

8.43 

20..-. 

34 

11 

.. 

16.8 

L0.6 

11 

52 

56 

56.6 

24.5 

39 

17 

1 

51.6 

9.3551 

8.04 

1  L5 

15 

l'.> 

56 

8.8 

9.3692 

8.13 

28.5 

11 

31 

6 

35. 1 

is..". 

17 

15 

."..-. 

L.6 

Mar.     1.5 

60 

20 

8 

in 

9.  nil 

8.36 

22.6 

17 

11 

53 

31.0 

9.31  11 

7.S7 

8.5 

7  56 

41 

9 

1i'.7 

26.5 

16 

44 

.-.1 

34.2 

12.5 

8     3 

32 

in 

8.5 

9.4654 

8.65 

I8Q 

30.5 

1  1 

.'!7 

49 

7.4 

9.2615 

7.7.5 

L6.6 

10 

18 

in 

55.3 

Jan. 

.' ! .  5 

11 

:;i 

46 

7.S 

20.5 

18 

29 

11 

33.2 

9.5175 

8.94 

7..-. 

37 

59 

42 

34.5 

9.2170 

7.31 

24.5 

26 

30 

12 

i.n 

11.5 

::i 

15 

3S 

28.9 

28.5 

:;i 

50 

12 

29.1 

9.5672 

9.28 

15.5 

;;n 

15 

33 

55. 1 

9.1890 

7.16 

A.pr.     1.5 

43 

25 

12 

19.3 

19.5 

27 

16 

29 

1.3 

5 . 5 

8  52 

15 

13 

5.8 

9.61  17 

9.50 

23.5 

25 

30 

23 

58.6 

9.1850 

7.1  1 

9.5 

9     1 

18 

13 

19.6 

27.5 

24 

6 

19 

ii.l 

13.5 

10 

34 

13 

31.3 

9.6604 

'.i.77 

31.5 

23 

34 

14 

15.9 

9.2065 

7.25 

17.5 

19 

59 

13 

41.8 

Feb. 

1.5 

L'l 

0 

9 

55.0 

21.5 

'.i  29 

33 

-13 

51.7 

9.7043 

10.08 

8.5 

25 

20 

G 

L.3 

9.2475 

7.47 

Brightness 

1898  Au-.  24 

5  tak.-n  as  1 1 

.5  (log  r 

=0.2396, 

L2.5 

7  27 

37 

+  2 

37.3 

logA  =  9.8722 
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OBSERVATIONS   OF  MINOR  PLANETS, 

MADE    AT  THE   DUDLEY   OBSERVATORY,    ALBANY,    X.V., 
By  ARTHUB  J.   ROY. 


Albany  M.T. 

* 

No. 
Comp. 

Planet 
la 

-* 
JS 

Planet's 

a 

Apparent 
1              « 

ll.U'  -V 

for  a      |     for  8 

(387)   1894  AZ. 

IS'.* 

Nov.  21' 

ll         11 

8  15 

38 

1 

10 

+o" 

VIM 

+  2     2.9 

ll 

3 

18 

34S.59 

—  s' 

7 

6*4 

,/9.47S 

0.818 

1897 

,175, 

Androma  /<< 

Jan.   24 

10  21 

56 

2 

(i 

+  1 

35.28 

—1     9.5 

8 

51 

46.90 

+  21 

57 

25.9 

&9.404 

0.542 

31 

14     1 

42 

3 

9 

— 0 

52.11 

(1 

—4  53.9 
13)    Hera. 

8 

41  i 

2.S5 

+  22 

18 

39.5 

9.379 

0.530 

Jan.   24 

10  46 

54 

4 

'6 

+  0 

58.22 

— 5  47.6 

9 

20 

29.44 

+  15 

9 

29.S 

»9.397 

0.637 

30 

13  49 

21 

5 

10 

— 0 

22.99 

—4  30.2 

9 

15 

13.73 

+  15 

43 

51.9 

o.K:: 

0.610 

31 

13     0 

42 

6 

8 

+  0 

L5.86 

+  1  29.6 

9 

1  1 

21'. 72 

+  15 

49 

23.5 

8.813 

0.600 

Feb.     1 

8  59 

34 

' 

10 

— 0 

46.93 
(313 

+  0  24.1 
i    Chaldaea. 

9 

13 

3S.72 

+  15 

51 

4.8 

&9.545 

0.664 

Mar.  28 

10     2 

26 

8 

10 

— 1 

8.90 

—4    11.9 

14 

10 

34.66 

—  3 

7.5 

32.7 

»9.554 

0.793 

Apr.     2 

10  40 

0 

9 

10 

— 0 

13.54 

—6  50.6 

14 

7 

15.00 

2 

56 

18.6 

»9.447 

0.793 

3 

11  33 

39 

9 

10 

— 0 

58.53 

.    +5  19.3 

14 

6 

30.02 

2 

44 

38.7 

//9.272 

0.795 

28 

9  50 

42 

10 

8 

2 

8.15 

+  7  30.9 

13 

46 

19.60 

+   1 

32 

48.2 

»9.204 

0.763 

May     5 

-.i  30 

57 

11 

8 

+  2 

53.72 

—7   12.0 

13  41 

21.96 

+   2 

21 

19.0 

«9.138 

0.756 

' 

12  38 

38 

12 

10 

+  1 

42.94 
(33' 

—1     3.1 
:)   Chicago. 

13 

40 

6.01 

+   2 

33 

20.7 

9.350 

0.756 

Apr.     2 

9  53 

36 

13 

10 

— 0 

24.09 

+  9  27.4 

13 

13 

15.50 

—  1 

50 

11.3 

&9.430 

0.787 

3 

10  56 

0 

14 

10 

— 0 

10.67 

+  2  39.8 

13 

12 

37.85 

—  1 

45 

44.0 

«9.201 

0.789 

18 

8  56 

8 

15 

12 

— 0 

56.94 

+  4  45.4 

13 

3 

43.19 

_    0 

46 

50.3 

«9.391 

0.781 

21 

8  43 

18 

16 

8 

+  2 

4.90 

+  0  35.4 

13 

o 

1.80 

—  0 

36 

31.3 

n9.389 

O.7S0 

N"-  452 
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Mean   Places  for  1896.0  and  1897.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

S 

Red.  to 
app.  place 

Authority 

1 

3  IS   13.04 

+  4.55 

—  8     9  31.5 

+  22  2 

Pari     1034 

2 

8  50     8.96 

+2.66 

+  21   58  40.6 

5.2 

Becker,  A.G.  Berlin  3597 

3 

8  4f,  52.18 

+2.78 

+  22  23  38.6 

—  5.2 

<<      3574 

4 

'.)  19  28.74 

+2.48 

+  15   15  24.3 

—  6.9 

Auwers,    "          •■      3799 

5 

9  15  34.11 

+  2.61 

+  15  48  29.3 

—  7.2 

"          "                 3778,  etc. 

(i 

9  1  1      1.23 

+  2.63 

+  15    is     1.0 

—  7.1 

"          "          »      3767 

7 

9  14  23.01 

+2.64 

+  15  53   17.9 

—  7.2 

"      3770 

8 

1111     1(1.90 

+  2.66 

—  3  51      1.3 

—  19.5 

Glasgow   1  3542, 

9 

14     7  25.82 

+2.72 

—  2  49  38.4 

L9.6 

"         '•  3524,  i  be. 

10 

V.\   is  21.7s 

+2.97 

+  1   25  36.3 

—19.0 

A.G.  Albanj    181  1 

11 

13  38  28.26 

+2.98 

+   2  28    19.4 

—18.4 

4784 

12 

13  38  20.08 

+  2.99 

+  2  34    11'. o 

—18.2 

•    »          "       4783 

13 

13  13  36.82 

+  2.77 

—  1  59  19.3 

—19.4 

KSnigsberg  (A.N.  71   247),  etc-. 

14 

13  12   15. 75 

+  2.77 

—  1   4.S     l.l 

—19.4 

«                «       <<      « 

15 

13     4  37.27 

+  2.86 

—  0  51    L6.6 

—19.1 

land  and  Borgen  .':95c, 

16 

12  59  54.03 

+2.87 

—  0  36    17. (i 

—19.1 

«         «       3944 

*1  adopted  p.m.  0s.  0000  — (F.222.         >fcit  adopted  p.m.  —  0».012  — 0*.82. 


Ap 

ril-October 

October-April 

ft 

W) 

ft 

W)     P'—P 

12 

0.0035 

1  1 

192 

0.0032     19 

27 

11 

19 

206 

38     25 

64 

35 

82 

250 

33     82 

112 

50 

68 

285 

3Q   100 

147 

11 

26 

325 

13       15 

166 

11 

17 

3 1 1 

43     23 

175 

31 

13 

347 

13       6 

1S2 

30 

11 

357 

39     15 

THE    AREAL    VELOCITIES   IN    THE   ANNUAL   COMPONENT   OF   THE 

POLAR    MOTION. 

I'.v  s.  C.  CHANDLER. 

In  A.J.329  it  was  predicated  that  the  annual  comp mt 

of  polar  motion  conforms  to  the  law  of  equal  times  for 
equal  areas  described  by  the  radius-vector  from  the  center 
of  the  ellipse.  The  proof  of  this  was  implicitly  contained 
in  the  demonstration  there  given  that  the  observed  coordi- 
nates of  that  motion  are  harmonic  functions  of  the  time, 
since  it  then  follows  \_A.J.  t06,  eq.  (24)]  that  the  double- 
area  described  in  the  unit  of  time  is 

thus  a  constant  for  all  parts  of  the  ellipse.  It  is  de 
however,  that  the  proof  of  this  proposition  should  l»j  ex- 
plicitly deduced  directly  from  the  observations  in  a  manner 
which  will  make  visible,  by  inspection,  with  what  complete- 
ness they  justify  it.  This  I  will  briefly  do.  If  we  com- 
pute the  values  of  the  coordinates  of  the  127d-term  by  the 
revised  elements  on  ]>.  109,  . I.. /.  116,  and  subtract  them  from 
the  observed  values  of  .<■.  //,  on  p.  106,  we  get  the  coordinates 
■'-.,,  //.,,  for  the  annual  term.  M\  actual  computation  of 
these  was  not  for  the  50-day  intervals  of  the  table,  bul  for 
each  tenth  of  a  year.  These  values  were  then  convei 
polar  coordinates  \<\     x3  —  psina,   //,  =  pcosa,    wh 

is  recki 1  east  from  Greenwich.     From  these  values  oi  p 

and  a  we  compute  the  double-areas  of  the  triangles 

[pp']  =  pp1  sin  (a'  -a) 
from  each  two  consecutive  values.     This  gives  64  values  of 
[pp1],  which,  since     p  =  a  —  <o,     can  be  arranged  in  order 
°f    Po  ~  h(it'+a)  —  <i>,     the  mean  angle  from  the  . 
bhus  exhibiting  the  law  of  areas.     These  areas,  if  the  prepo- 
sition we  are  examining  be  true,  must  all  be  equal. 
are  given  in  16  means  of   1  each  in  the  following  table, 
which  also  contains  the  mean  values  of    a'—  «  =  fi'—li- 


The  mean  value  of  the  double-areas  is  0.00364  with  the 

mean  error  ±0.00019.      For  the   two  halvi 

■\  i    1 1  i  ■. . 

April  October    rpp'}  =  0.0039  ±  :' 
October-  April     '  ;  ■  .: 

from  which  there  appears  to  be  no  appreciable  dissymmetry 
dependent  on  season. 

Arranging  in  order  of    /3'- 


-0       [pp1]  Means 


II      0.0028 


6 

0.0013  | 

11 

32 

13 

31  f 

14 

35  J 

15 

0.0039 ") 

15 

13 

17 

ll 

19 

32 

17'    0.0040 


23      Ml 


li     wi 

ft-0    [PP') 

L9  0.0041 

23  l.". 

38 

26  44  J 

68  0.0050"! 
82 

82  ;::     B3      """:;T 

100 


Thus  lor  the  Brsl  twelve  values,  corresponding  to  a  mean 
daily  angular  veL  5,  the  pole  being  within   an 

e  angle  ol    17    from  the  major  axis,  the  donbli 
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described  in  a  tenth  of  a  year  is  0.0036;  while  Eoi  the  last 
four  values,  corresponding  to  a  dailj  angular  velocitj  oi 
2 ".l.  or  nearly  five  times  as  great,  the  pole  being 
average  angle  <>t  -1  from  the  minor  axis,  the  double-area 
is  practically  the  same,  or  0.0037.  The  fact  is  therefore 
satisfactorily  established,  by  pun'  induction  Erom  obser- 
vation, that  there  is  no  sensible  inequality  in  the  areal 
velocities  of  motion  in  the  annual  elliptical  component. 
The  mean  value  above,  0.00364,  gives  the  area  of  the 


ellipse  0.0182,  disregarding  the  difference  between 

and  triangles,  which  for  the  intervals  used  are  evanescent. 

The  area  given  by  the  dimensions  oi  the  revised  elements, 

a  =  0".2S5     ,     />  =  0".085,      is 

„  "''  =   0.0183 

I 

Thus  the  mean  dimensions  arc  verified  by  an  independent 
process. 


OBSKKYATIOX    OF    FLANET    DQ, 

MADE     \  I     I  Hi.    I  ,8.    NAVA1     OBSERVATOB1     WITH    THE    1MM  II    EQ1    ITOR1  U  . 

Bl     PBOF.    E.    FK1SHV,    I'.S.N. 

[Communicated  bj   Prof.  W"m.  Habkness,  r.s.v,  Astronomical  Director.] 


Planet's  Vppareni 
a  o 


1898  w  ashington  M.T.      r„m„  ,  /t, 

N                                                                        '""V-  .  Ik  .  /0                                  ,( 

Nov.  1      l9lm26!o       20,|  -2n30.80  -11   7.2      21  12°44.36     -4  4  33.9       9.55 

Mean  Place  for  1898.0  <>/  Comparison- Star. 

Red.  to  Red.  to 

a  app.  place  S             app.  place               Authority 

L'l"  ir,"'l  l?r»7  |    +3^59   |  -3° 53' 47.0  |  +20.3  |     Schjellerup  8624 


logpA 

fur  <i  for  i 

0.76C 


MA1IK    WIT 


OBSERVATIONS   OF   COMET  j  1898  (chasm), 

II   THE   S-INCII   REFRACTOR    OF   THE    VAI.E    OBSERVATORY    AND   CROSS-BAR    Mil  l;. .Ml   ll: 

By  F.  L.  CHASE. 


1898  Xew  Haven  M.T. 

* 

<  :omp. 

6 

-* 

18 

i 
a 

ipparenl 

!          8 

logpA 
for  a      1     forS 

Dec.  13      16     3  36 
14      14    15  23 

14  14   21    11 

15  17   14  39 
15     17  33  41 

1 
2 

3 

4 
5 

12 

7 
5 

10 

8 

+  2'"37T0 
-1  30.91 
-1  32.60 
-0  39.12 
-1    12.78 

+   1  59.3 
-14  33.5 

+  10  27.0 
-12  49.8 
+  12   12.5 

10  47  46.90 
10  48  46.37 

10  4S  4S.19 
10  49  5S.7S 
10  49  50.72 

1  +25°  43  .v,,s 
+25  51  l.o 
+  25  51  1  1.9 
+  20     0  42.4 

1+26     0  44.6 

»9.179      0.398 

B9.538      0.505 

,,'.1  .vj::      0.491 

7.653    ;  0.360 

8.643    ;  0.361 

Mi  an  Phut*  for  1S9S.0  of  Comparison- Stars. 


Red.  to 
*                      a               |   app.  place 

8 

Red.  to 
app.  place 

Authority 

I 

3 

4 
5 

10  45     r,:jr>         +1.55          +25    12  28.3         -31.8 
10  47  10.89         +4.57          +26'    6     0.7         —32.2 

10  50  10.25          +4.54           +2541    20.1           -32.2 
10  50  33.31      |     +4.50           +26  14     4.S          -32.6 
10  51  37.93     1     +4.57     1     +25  49     4.6          -32.5 

Graham.  Cambridge,  A.G.  Catal.  5520 
Graham,  Cambridge,  A.G.  Catal.  5539 
Graham,  Cambridge,  A.G.  Catal.  5556 
Graham.  Cambridge,  A.G.  Catal.  5557 
Graham.  Cambridge,  A.G.  Catal.  5565 

Yale  University  Observatory,  1898  December  20. 


CORRIGENDA. 
No.  376,  p.  128,  obs.  of  Apr.  29,    for    +S>0°  15'  56\4    put    +50°  l.V  :;:',    :,. 
No.  376,  p.  128,  Comp.-Star  6,       for    +50°  14'  25". 7    put    +50°  14'    2».8. 
No.  446,  p.  109,  col.  2,  line  13  from  bottom,     for    +0".00T  {t— 1S94)  cos©    put  '  +0*.007  (t— 1894)  sin 0. 


CONTEXTS. 
Note  on  the  Mass  ok  Mercury,  by  G.  W.  Hill. 

Statement  of  the  Theoretical  Laws  oe  the  Polar  Motion,  by  Simon  Newcomb. 

Supplementary  Note-on  the  Development  of  the  Pekturbative  Function,  by  Alexander  S.  Chessin. 
The  Small  Planet  DQ  at  the  .Oppositions  of  1893-94  and  1896,  by  S.  C.  Chandler. 
Observations  of  Minor  Planets,  by  Arthur  .T.  Roy. 

The  Areal  Velocities  in  the  Annual  Component  of  the  Polar  Motion,  by  S.  C.   Chandler. 
Observation  of  Planet  DQ,  by  E.  Frisby. 
Observations  of  Comet.;  1898  (Chase),  by  F.  L.  Chase. 
Corrigenda. 
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THE   BENJAMIN    AI'TIIOKP  GOULD   FUND. 


On  Nov.  17,  1897,  the   sum    of   twenty  thousand    dollars  was    given   to   the   National  Academy  of    S 
Trustee,  to  establish    a  fund    to   be   known    as   the    Benjamin    Apthobp  Gould  Fund,  in  memory  of  the  father  of 
the  donor,  Miss  Alice  Bache  Gould,  the  income  to  be  used  to  assist  the  prosecution  of   researches  in  astronomy, 
the  administration  of  this  income,  in  accordance  with  the  terms  of  the  Trust  and  of   a   letter  of  instructions  ii<  m 
the  donor,  to  be  under  the  direction  of  the  undersigned. 

A  sufficient  available  income  has    now  accrued  from    the    Fund    to    warrant  beginning    its  distribution,  and  the 
Directors  are  prepared  to  receive  and  consider  applications  for  appropriations.     As   a  guide  in  framing  such  appli- 
cations it  is  desirable  to  present  briefly,  but  in  close  adherence  to  the  exact  terms    of   the  Trust  and  of  thi 
of  instructions  accompanying  it,  the  principal   provisions  to  be  regarded  in  the  administration  of  the  Fund. 

The  objects  of  the  institution  are,  first,  to  advance  the  science  of  Astronomy;  secondly,  to  honor  the  memory 
of  Dr.  Gould  by  ensuring  that  his  power  to  accomplish  scientific  work  shall  not  end  with  his  death.  In  recog- 
nition of  the  fact  that  during  Dr.  Gould's  lifetime  his  patriotic  feeling  and  ambition  to  promote  fchi 
his  chosen  science  were  closely  associated,  it  is  preferred  that  the  Fund  should  be  used  primarily  for  the  benefit 
of  investigators  in  his  own  country  or  of  his  own  nationality.  But  it  is  further  recognized  both  by  the  donor  and 
the  Directors  that  sometimes  the  best  possible  service  to  American  science  is  the  maintenance  of  close  communion 
between  the  scientific  men  of  Europe  and  of  America,  and  thai  therefore,  even  while  acting  in  the  spirit  of  the 
above  restriction,  it  may  occasionally  be  best  to  apply  the  money  to  the  aid  of  a  foreign  investigator  working 
abroad. 

The  wish  was  also  expressed  by  the  donor  thai  in  all  cases  work  in  the  astronomy  of  precision  should  le 
given  the  preference  over  any  any  work  in  astrophysics,  both  because  of  Dr.  Gould's  especial  predilection  and 
because  of  the  present  existence  of  generous  endowments  for  astrophysics. 

Finally  the   Benjamin    Ajpthokp   Gould   Fund    is   intended    for  the  advancement  and  no!  for  the  diffusion  of 
scientific  knowledge,  and  is  to  be  used  to  defray  the  actual  expenses  of  investigation,  rather  than  fin-  the  pi 
support  of  the  investigator  during  the  time  of  his  researches,  without  absolutely  excluding  the  latter  use  under  the 
most  exceptional  circumstances. 

Application  for  appropriations  from  the  income  of  this  Fund  may  be  made  informally  by  Utter  to  any  of  the 
Directors  undersigned,  stating  the  amount  desired,  the  nature  of  the  proposed  investigation,  and  the  manner  in 
which  tin-  appropriation  is  to  be  expended.  It'  favorably  considered,  a  blank  for  formal  application  will  be 
forwarded  for  signature,  with  the  rules  adopted  bj  the  Directors  for  the  administration  of  tin'  Fund,  and  to  which' 
the  applicant  will  be  expected  to  subscribe. 

LEWIS    BOSS 
Mil!    C     ill  \M»I.F.K. 
\-~  LPS    II  Ml 

1899  January  1.  j 
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RESULTS    OF    ZENITH-TELESCOPE    OBSERVATION    AT    THE 
MOWKI!    OBSERVATORY, 


B\   C.  I-  DOOLITTLE. 


The  following  summary  of  results  derived  from  the 
series  of  zenith-telescope  observations  in  progress  at  tins 
place  may  be  regarded  as  final.     The  declinations  of  some 

of  the  stars  employed  may  hereafter  be  improved,  but 
most,  of  the  material  for  their  accurate  determination  now 
existing  has  been  utilized. 

Some  of  the  elements  of  reduction  have  not  been  deter- 
mined in  a  manner  entirely  satisfactory.  This  is  particu- 
larly true  of  the  temperature-coefficient.  An  apparently 
genuine  value  of  this  constant  was  derived  from  a  consid- 
erable amount  of  material,  but  additional  data  did  not  cod 
firm  it.  Moreover  its  introduction  increased  the  probable 
error  rather  than  otherwise. 

No  temperature-correction  has  therefore  been  employed, 
but  the  effort  has  been  made  to  conduct  the  investigation' 
in  such  a  way  as  to  eliminate  this  and  similar  sources  of  error. 


For  the  arrangement  of  groups  and  method  of  procedure 
reference  maj  I"'  made  to  bhe  preliminary  determination 

of  the  Constant  of  Alienation.  .-!../.  No.   IL'X. 

Two  complete  cycles  in  right-ascension  are  embraced  in 
the  following  series.  After  some  hesitation  it  was  decided 
to  reduce  these  separately  both  for  aberration  and  adjust- 
ment of  the  groups  for  latitude. 

In  the  determination  of  the  constant  of  aberration 
which  follows,  with  the  exceptions  mentioned,  all  of  the 
combinations  are  of  evening  and  morning  series  observed 
on  the  same  night.  The  exceptions  are  two  cases  in  the 
series  of  '9<>-'97.  and  three  in  that  of  "97-*98,  where  the 
observations  combined  were  made  on  consecutive  nights. 

Assembling  the  results  in  groups  embracing  intervals  of 
about  ten  days  we  have  the  values  which  follow. 


&<t 

Aberration 

Wt. 

4<? 

Aberration 

Wt. 

1896  Oct. 
Nov. 

10 

24 

2 

16 

IV-I 

Mean 

-0*218 

-  .012 

-  .016 

-  .270 
-0.1559 

+  18*14 
19.17 

19.36 
+  18.49 

+  18.72 

14 

18 

9 

26 

67 

1897  Oct. 
Nov. 

11 
30 

29 

IV-I 

.Mean 

-0*213 

-  .183 

-  .210 
-0.2038 

+  18.25 

19.28 

+  16.89 

+  18.16 

22 
14 
14 
50 

1898  Feb 

3 

I-II 

-0.064 

+  18.88 

20 

1897  Jan. 
Feb. 
Mar. 

30 
21 
12 

I-II 

Mean 

-0.020 

-  .075 

-  .128 
-0.0660 

+  18.61 
19.11 

+  17.99 
+  18.68 

24 
26 
14 
64 

Mar. 

11 

27 

9 

Mean 

-  .012 
+   .006 
-0.336 
-0.1136 

19.21 

19.17 

+  18.08 

+  18.79 

12 
15 
18 
65 

May 

14 
28 

II-III 

Mean 

+  0.021 
+   .025 
+  0.0232 

+  12.89 
+  13.51 
+  13.23 

27 
33 
60 

Mar. 
June 

14 
1 
8 

II-III 

Mean 

-0.052 
-  .203 

-0.127 
-0.1209 

+  13.39 
13.54 

+  12.80 
+  13.21 

21 
16 
22 
59 

July 
Aug. 

9 
27 

5 
12 
23 

III-IV 

-0.299 

-  .220 

-  .262 

-  .128 

-0.051 

+  11.61 
12.18 

12.42 

12.18 

+  11.40 

20 
22 
15 
14 
19 

July 
Aug. 

6 

20 

6 

15 

III-IV 

-0.051 
+   .026 
-   .077 
-0.227 

+  11.67 
12.22 
12.45 

+  11.30 

21 
15 

13 
8 

Mean 

-0.1946 

+  11.93 

90 

Mean 

-0.0614 

+  11.94 

57 

Then  (20.4451.; x)  being  the  correction  to  Struve's  con- 
stant of  aberration  we  have 


18.72  x  -0.1559  =  0 

18.6S  x  -    .0660  =  0 

L3.23x+    .0419  =  0 

11.93  x  -  0.1946  =  0 


62.56  x  -  0.3931 


n 


18.16  x  -  0.2038  =  0 

18.79  x-    .1136  =  0 

13.21  x-    .1209  =  0 

11.94  a; -0.0614  =  0 

62.10.x -0.4997  -  0 


x  =  0.0062S3 
//Aberration       0.1285 
Struve  20.4451 

Resulting  value  20.5736 


x  =         0.008047 
J  Aberration        0.1645 
Strtjve  20.4451 

Resulting  value  20.6096 


The  results  of  1898  March  8th  and  9th  appear  to  be  ab- 
normal.    They  are  as  follows  : 
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I.< 


Obs. 


JV 


March  8        1.73 

9         1.88 


10 
10 


II.c         Obs. 

2.19  3         -.46 

2.36         10         -.48 

If  we  reject  these  —  though  the  suggestion  is  somewhat 
disquieting — the  corresponding  equation  of  the  above 
series  becomes 

18.91a;  -  0*0520  =  0 

The  value  of  ./Aberration  +  0.1430 

Aberration  20.5881 

Taking  the  mean  between  this  and  the  first  of  the  above 
we  have 

20  .581 

which  I  regard  as  the  legitimate  result  of  this  investiga- 


bion.  The  probable  error  computed  in  the  usual  way  would 
be  something  less  than  0".01,  but  this  is  of  very  little 
significance  in  view  of  the  considerable  systematic  errors 
to  which  this,  in  common  with  all  determinations  of  this 
ant  seem  to  be  liable. 

Whatever  value  may  ultimately  be  adopted,  it  will  pre- 
sumably not  be  so  large  as  this.     At  the  same  time 
obvious  that  Stri  \i  's  value  is  too  small  to  properly  har- 
monize the  evening  and  morning  observations  of  the  \ 
series. 

The  value  20".55  has  therefore  been  employed,  the  cor- 
responding correction  bein-  api.li.-4  to  the  latitude originally 
computed  with  Stbi  \  i:'s  value 

The  final  results  are  as  follows  : 


Latitude   =  39°  58'  + 

Date 

P.M. 

No. 

A.M. 

No. 

Mean 

Date 

P.M. 

No. 

A.M. 

No. 

Mean 

Oct.      1-Oct. 

25 

1.915 

63 

1.878 

74 

1.896 

Oct.      4-Oct.    14 

2*258 

61 

43 

2.310 

Oct.    26-Nov. 

9 

1.906 

59 

1.928 

50 

1.917 

Oct.    15-Nov.     4 

2.110 

53 

2.093 

39 

2.101 

Nov.  13-Nov. 

27 

1.811 

80 

1.921 

62 

l.siw; 

Nov.  20-Dec.   10 

2.102 

75 

2.186 

44 

2.1  11 

Dec.    14-Jan. 

11 

2.063 

108 

2.063 

Dec.   12-Dec.    30 

2.025 

84 

2.025 

Jan.   23-Feb. 

4 

2.064 

70 

2.049 

48 

2.056 

Jan.      1-Jan.   24 

2.038 

73 

Feb.     7- Feb. 

25 

2.030 

52 

2.039 

52 

2.034 

Jan.   31-Feb.     8 

1 .985 

55 

2.009 

52 

1.997 

Feb.   27-Mar. 

14 

2.102 

76 

2.204 

58 

2.153 

Feb.    10-Feb.    28 

2.153 

79 

2.095 

12 

2.124 

Mar.  16-Apr. 

20 

2  223 

100 

2  223 

Mar.     1-Mar.  14 

1.938 

5S 

2.137 

53 

2.037 

May     7-May 

21 

2.224 

62 

2.283 

63 

2.253 

May     it  May   30 

2.197 

71 

2.210 

51 

2.203 

May  22-June 

2 

2.254 

67 

2.290 

76 

2.272 

May   31 -June  10 

2.149 

71 

2.273 

64 

2.211 

June  18-July 

4 

2.27  1 

87 

2.274 

June  21- July     2 

2.215 

88 

2.215 

July     5 -July 

24 

2.194 

80 

2.304 

54 

2.249 

July     3-July   16 

2.287 

68 

.,  •...., 

- 

2.304 

July  29-Aug. 

7 

2.201 

61 

2.281 

57 

2.241 

July  29-Aug.  16 

2.277 

S3 

2.394 

44 

2.336 

Aug.  11-Aug. 

26 

2.320 

79 

2.241 

63 

2.280 

Sept.    8-Sept. 

28 

LM".ir, 

90 

2.296 

Total  number  of  determinations  3213. 
The  internal  probable  error  of  a  single  observed  latitude 
as  derived  from  the  reduction  of  the  individual  latitudes  to 
the  mean  of  each  group  is  found  to  be  as  follows: 

The  Flower  Observatory,  Philadelphia,  1898  Nov.  2S. 


For  group       I     0.133 
II     0.139 


For  group     III     0.131 
IV     0.125 


ADDITIONAL  XOTB   OX   THE   MASS  OF  MERCURY, 

By  G.  W.   SILL. 


Since  the  appearance  of  the  Note  on  the  Mass  of  Mercury 
(A.J.  No.  I5l'>  it  has  occurred  to  me  that  the  cause  of  the 
Moon  giving  a  larger  mass  for  Mercury  than  the  three  other 
bodies  treated  is  the  neglect  of  the  augmentation  of  density 
through  the  loss  of  interior  heat.  The  smaller  the  dimen- 
sions of  the  body  considered,  the  greater  will  be  this  aug- 
mentation, provided  other  conditions  remain  the  same 
Now  the  Moon  is  the  smallest  of  the  four  bodies  treated 
in  the  previous  note.     In  the  lack  of  any  information  as  to 

the  original  temperal  lire  and  the  lengt  h  of  1 1 I  be  cooling 

has  been  going  on,  it  seems  the  best  we  can  do  is  to  suppose 
that  the  effect  on  the  general  density  of  the  body  is  pro- 
portional to  some  power  of  the  radius.  This  power  can  be 
determined  from  the  data  given  in   the   previous  note,  by 


adopting  the  principle  that  that  value  is  to  be  used  which 
will  bring  the   results   from   the    four    bodies    into    I 
agreement.     Thus,  employing  the  method  of  least  squares, 
we  find  thai  the  exponenl  ."  of  the  ratio      —     used  in  the 

former  note,  ought  to  be  reduced  to  2.92849.     This  is  not 
an  excessive  correction  to  make  for  the 

•  uting  the  latter  \  alue  of  the  exponent  for  the  former. 

the  \ alues  of  the  i  i  Jly  from  the  four 

bodies  treated,  are 

Venus  Earth  Moon  .Var.i 

These  values  are  in  much  better  agreement  than  the  t 
and  the  mean  gives  for  the  D  ,sls. 
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oi;m:kyati<>.\  of  LEONIDS,  with  not' 

By   .1.   1!. 

Instead  of  attempting  to  observe  the  Leonids  at  Boston 
University  Observatory,  in  the  heart  of  the  city.  I  watched 
for  them,  assisted  by  my  Bon,  \V.  A.  Con.  at  my  In. me  in 
Meln.se  Highlands.  We  thus  bad  the  best  possible  sky, 
with  Bcaicel]  any  glare  Erom  electric  lights. 

Upon  the  morning  oJ  Nov.  13  ami  1  I  the  sky  was  over- 
cast,  but  on  the  15th  the  air  was  exceedingly  clear,  tempera- 
ture 33°  ami  wind  N.W.,  light. 

Counts  were  made  of  Leonids  only,  for  about  two  hours, 
beginning  at  3  a.m.  One  observer  faced  the  east  and  one 
the  west.*  The  view  was  unobstructed.  The  largest  num- 
ber counted  in  any  consecutive  five  minutes  was  1G.  This 
was  from  ^u  40m  to  3h  45m  E.M.T.  The  smallest  number 
was  8,  at  3h  20m.  During  the  entire  period  the  numbers 
seen  east  and  west  were  nearly  equal.  Only  three  were 
estimated  as  of  first  magnitude,  one  as  brighter. 

At  4"  13™  a  meteor  started  from  about  u  =  10h, 
8  =  +  M0".  It  moved  in  four  seconds  to  the  point 
„  _  ioh,  S  =  +35°.  These  points  were  determined,  sub- 
sequently, upon  a  large  star  map.  At  the  time  of  observa- 
tion it  was  announced  as  of  a  "dazzling,  purplish  blue" 
and  as  two  or  three  times  as  bright  as  Sir! us,  presenting  a 
distinct  disc.  At  the  second  point,  named  above,  the  com- 
bustion seemed  to  be  completed.     No  trail  remained,  but 

*  The  plan  did  not  include  a  determination  of  the  radiant  point, 
but  of  the  number  whose  apparent  paths  seemed  to  be  directed 
from  within  the  sickle,  or  immediately  adjacent  to  it. 


E  UPON  ONE  OF  PECULIAB  IXTi:i;i>T. 

COIT. 

the  dfbris,  appearing  like  a  bright  nebula,  took  a1  once  the 
•  i  a  Bickle  with  a  ahorl  blade;  this  being  concave  at 
1  from  the  point  whence  the  meteor  started,  and  hav- 
ing a  length  of  about  2  and  a  width  of  10'.  This  - 
after  remaining  in  the  same  form  for  a  few  seconds,  began 
to  change  its  Eorm  and  expand  rapidly.  All  this  time  it 
was  moving  apparently  along  in  nearly  the  same  direction 
as  the  line  of  flight.  It  was  easily  followed  for  seven 
minutes  with  the  naked  eye,  and  its  presence  was  suspected 
nearly  2m  later.  When  lost  to  view  it  was  near  fi  Ursae  Ma- 
jaris.  When  largest  it  was  nearly  circular  and  estimated 
to  be  5°  in  diameter. 

This  mass  moved  at  least  20°  during  7"'.  Hence,  even  if 
its  line  of  movement  were  perpendicular  to  the  line  of 
sight,  a  very  moderate  estimate  of  its  distance  would  indi- 
cate a  comparatively  high  velocity.  That  its  movement 
was  not  perpendicular  to  the  line  of  sight  was  rendered 
highly  probable  by  the  fact  that  the  velocity  of  the  mass 
was  decidedly  accelerated  throughout  the  seven  minutes 
that  it  was  observed. 

The  slow  motion  of  the  meteor  proved  that  its  path 
made  a  very  small  angle  with  the  line  of  sight,  and,  al- 
though it  is  not  proved,  the  probability  is  strong  that  the 
debris  moved  along  nearly  the  same  line,  and  that  its  move- 
ment may  not  have  been  due  entirely  to  atmospheric  cur- 
rents, but  was  influenced  by  the  momentum  of  the  body 
acquired  during  its  flight  as  a  meteor. 


OCCULTATIONS  OBSERVED  AT   PRINCETON  DURING  THE   LUNAR  ECLIPSE 

OF   DECEMBER   27,   1898, 

Communicated  by  Professor  YOUNG. 

sidereal  clock  of  the  Observatory  of  Instruction  —  fur- 
nishes the  time  to  both  the  chronographs  cm  which  the  ob- 
servations were  recorded.  The  clock-error  was  found  to  be 
+  78.32,  and  has  been  applied  to  all  the  chronograph  read- 


The  weather  during  the  eclipse  was  not  favorable.  The 
moon  rose  in  a  cloud-bank,  and  did  not  emerge  until  just 
before  the  beginning  of  totality.  During  totality  it  was 
partially  covered  nearly  half  the  time  by  light  mists  and 
flying  clouds,  and  often  was  entirely  hidden ;  it  was  per- 
fectly clear  only  a  few  minutes,  about  7h  10m  (Standard 
Time).  Fifteen  minutes  later  the  sky  became  entirely 
overcast,  aud  remained  so  for  over  two  hours,  when  for- 
tunately it  cleared,  so  that  Professor  Reed  was  able  to 
obtain  a  satisfactory  determination  of  the  time.  During 
the  eclipse,  stars  of  the  9th  magnitude,  or  fainter,  were 
most  of  the  time  invisible,  or  if  visible,  could  be  followed 
up  to  the  limb  of  the  moon  only  with  very  great  difficulty. 

Professor  Peed  observed  at  the  Halstead  Observatory 
with  the  25-inch  telescope,  using  a  power  of  15G.  I  myself 
observed  at  the  Observatory  of'  Instruction  with  a  94-inch 
equatorial,  and  a  power  of  about  120.  The  two  observa- 
tories are  electrically  connected,  and  the  same  clock,  —  the 


ings.  The  hourly  rate  was  less  than  08.02,  and  has  been 
neglected. 

In  the  following  table  the  numbers  by  which  the  stars 
are  designated  are  those  of  the  observation-list  sent  out  by 
the  Pulkowa  Observatory.  In  deducing  the  G.M.T.  from 
the  observed  sidereal  times  the  data  of  the  American 
Ephemeris  are  used ;  and  in  the  case  of  those  observations 
which  are  noted  as  "good,"  the  indicated  correction  of 
— 0".2  has  been  applied  in  order  to  take  into  account  the 
reaction-time  involved  in  the  use  of  the  observing-key. 

The  only  physical  peculiarity  which  I  noticed  during 
the  eclipse  was  the  persistent  difference  in  brightness  be- 
tween the  northern  and  southern  limbs,  the  former  being 
much  the  brighter. 
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No. 

78 

Mag. 

I.  orE. 

Sidereal  Time 

(corrected) 

G.M.T. 

Obs. 

irks 

9.4 

Imill. 

0  13  r,'xr,  ±2* 

11  16   17.9 

Y 

Very  faint 

.     .    61.6   ±3 

.     .    50.0 

i; 

75 

7.4 

Imm. 

0  45  40.1   -0.2 

11  18  28.0 

V 

ictory 

.     .    40.2   -0.2 

.      .    28.1 

R 

I 

80 

'.I.I 

Irum. 

0  54  04.3   ±2 

11   26  51.1 

Y 

Very  faint 

.      .     16.9 

R 

84 

i  .i 

Imiu. 

1   24   13.3   -0.2 

11  56  54.9 

Y 

Good 

.     .     12.8   -0.2 

.      .    54.4 

R 

Good 

92 

9.3 

1   28  30.2   ±2 

12  01   11.4 

i; 

Poor 

75 

7.4 

Emer. 

1  35  13.3   ±0.5* 

12  07  53.3* 

Y 

Good,  but  see  note 

94 

9.1 

Imm. 

1  47  42.8    ±1 

12  20  20.8 

Y 

Faint 

.     .    41.3   -0.2 

.      .    19.2 

R 

l>servation 

*  Note.  — The  star  reappeared  exactly  at  the  point  under  observa- 
tion, but  about  half  a  minute  earlier  than  expected.  I  had  laid  down 
the  observing  key,  and  was  obliged  to  reach  for  and  find  it.     This 

Princeton,  N.  J.,  1S9S  Dec.  30. 


caused  a  slight  delay  of  about  one  magnet-beat  (two  seconds),  which 
has  been  allowed  for  in  the  record:  but  the  correction  may  be  uncer- 
tain by  half  a  second. 


XOTE  OX  A  NEW  LAW  OF  TEMPERATURE  FOR  GASEOUS  CELESTIAL  BODIES, 

By  T.  J.  J.  SEE. 


While  occupied  with  some  researches  on  the  heat  of  the 
suit,  and  on  the  cause  of  the  darkness  of  the  companion  of 
Sirivs,  in  May,  1898,  I  proved  that  for  every  gaseous  celes- 
tial body  the  law  of  temperature  will  be  expressed  by  the 
following  remarkable  formula : 


T  = 


where  T  is  the  absolute  temperature,  R  the  radius,  and  K 
a  constant,  different  for  each  body.     The  curve  of  tempera- 
ture is  thus  a  rectangular  hyperbola  referred  to  its  as\  mp- 
Cambridge,  Mass.,  1S0O  Jan.  12. 


totes.  This  law,  governing  the  development  of  stars  from 
nebulas,  is  one  of  the  utmost  generality,  and  during  the 
pasl  eight  months  I  have  drawn  from  it  some  cone. 

ing  the  relative  ages  of  the  stars  and  nebulas,  which 
will,   I    think,   settle   the  much   debal 
proper  classification  of  the  stars  of  different  spectra'.  I 
These  conclusions,  drawn  from  the  above  fundamental  law 
of   nature,    were    made    known   to    several   disting 
astronomers  as   much   as    six   months   ago,   and   were  an- 
nounced   more    fully    in    a    public    lecture    at    the  Lowell 
Institute.  Boston,  dan.  10,  1899. 


OBSERVATIONS   OF   THE    PLANET   DQ* 

M  \  l  •  i      w     NIK    WA8HBUBN    OBSEBVATOBY,    MADISON,    wis. 


By  GEORGE 

The  following  observations  of  Planet  /",'  were  all  made 
with  the  filar  micrometer  of  the  40-cm.  Clark  equatorial 
telescope  of  the  Washburn  Observatory,  provided  with  an 
ocular  magnifying  195  diameters.  Whi  sible  I 
have  measured  directly  with  the  micrometer  the  polar  co- 
ordinates of  the  planet  referred  to  thee parison-sl 

observations  thus  made  are  indicated  by  the  letter  a  placed 
in  the  third  column  of  the  tabic.     YYheii   the  distanci 
too  great  to  permit  of  this  mode  of  observing,  I   ha 
ployed  transits  by  eye  and  ear  over  the  micrometer  threads 
fur  the  differences  of  right-ascension,  and  have  me 
only  the  differences  of  declination  bj    means  of  the  mi- 

*This  planet  has  now  received  the  name  Efbtj-     I 


C.  COMSTOCK. 
crometer-screw.     In  the  reduction  of  all  of  the  observations 
the    errors    of    the    screw    have   been  carefully   taken   into 
account.     Where  transits  are  i  ich  comparii 

right-ascension  consists  of  an  independent  setting  of  the 
ope    and    a    transit    of     planet    and     star   over    four 
threads.     Each   comparison    in   declination  cons 
separate  vettmg  of  the  telescope  and  a  single  ■ 
the  micrometer-thread  upon  each  . 
comparisons  in  right-ascension  precede  and  one-half  : 
the  declination  observations.     The  number  of  o  mpai 
is  such  that  the  probable   error  of  an  ., 
may  he  assumed  to  be   t  0   25  Lrcle. 
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L898  Madison  M.'l'. 

* 

No. 
i  omp. 

Planet 
la 

-* 

Planet' 

a 

-  apparent 

s 

log  p& 

for  a           for  8 

Sept.  '-'1 
26 

h         III          » 

9     1  43 

1 

" 

+  0 

1.87 

+ 1     ;;.  I 

20  36 

6  20  17.2 

8.888 

0.823 

s  :,;;  is 

1 

in  .  6 

-0 

19.41 

+  2     0.1 

:;5   II.:;:, 

o   in  20.6 

s.sss 

0.823 

27 

;i  39  53 

1 

a 

-0 

25.84 

+  2   3  1. 'J 

35  37.90 

6   IS    15. s 

9.222 

0.820 

•_".) 

s  26   M 

1 

16  ,  6 

-0 

28.69 

+  3  7,5.1 

35  35.01 

6   17  25.3 

S.005 

0.823 

Oct.      4 

8   19   1'7 

1 

" 

+  0 

L2.88 

+  8  47.8 

36  16.50 

6   li'  32.9 

S.571 

0.823 

11 

s  .-,1'  43 

•, 

111  .  5 

+  u 

32.53 

-4  :;.vj 

:;'.i    9.27 

6     1  45.3 

9.249 

0.818 

1  1 

s  is  42 

•> 

in  .  6 

+  2 

23.17 

+  1   33.0 

40  69.84 

5  55  37.2 

9.129 

o.sis 

28 

7  26  20 

3 

9  .  6 

-1 

19.37 

-5  39.4 

53  55.90 

:,  L2  is.o 

9.062 

0.815 

:;i 

7    13  40 

1 

5 

+  0 

56.64 

20  57  29. 10 

9.031 

:;i 

7  29   1  1 

1 

5 

+  :;  l  i.o 

-5    o  23.6 

0.813 

Nov.    2 

6  :.i'  i:. 

5 

n 

-0 

13.48 

-5  49.6 

L'l     0     1.15 

4  51  36.0 

s.sss 

O.S13 

3 

7  r.l    L0 

5 

12  ,  6 

+  1 

8.19 

-0  5S.5 

1   22.81 

l    10   14.9 

9.27  1 

O.S10 

6 

7    :;  38 

0 

a 

-0 

34.81 

+  0  5:;. 7 

5  24.40 

1  32    8.9 

9.065 

0.S10 

in 

7  50  52 

7 

ID  ,  (', 

-1 

56.49 

-4  12.8 

11  14.15 

4  10  23.7 

9.333 

I  LSI  15 

41 

6  31  52 

7 

13,  6 

-0 

31.02 

+  1    11.1 

12  39.61 

4     4  56.8 

8.904 

O.S07 

15 

7     7  29 

8 

11  ,  6 

+  1 

14.60 

-6  57.2 

18  56.58 

3  40  28.2 

9.210 

0.804 

Dec.     1 

6  7.1   16 

9 

a 

+  0 

14.39 

+4  31.9 

47     7.05 

1  40  52.6 

9.290 

0.7S9 

3 

7  7.1   37 

10 

14  ,  6 

-0 

55.03 

-7  25.9 

51      2.60 

1  23     3.3 

9.466 

0.785 

4 

6  38  27 

Ki 

13,  7 

+  0 

7,7,.9  1 

+  1     1.4 

52  53.56 

1  14  36.1 

9.264 

O.7S0 

0 

6  7,1     9 

11 

a 

+  0 

6.76 

-7  49.4 

56  51.:;  I 

0  56  20.1 

9.332 

0.7S3 

7 

6  7,7  44 

L2 

11  ,  5 

-1 

15.111 

+  1  33.1 

21  58  51.14 

0  46  59.5 

9.352 

0.783 

11 

6  34  50 

13 

10  ,  6 

+11 

51.62 

-5  49.6 

22     6  57.28 

-0     8  30.3 

9.301 

0.777 

25 

6  25   1  1 

14 

a 

-0 

9.40 

+  o     8.0 

37  14.80 

+  2  22  40.9 

9.352 

0.760 

31 

6  ;;i  52 

15 

12  .  6 

+  0 

34.05 

-1  58.2 

51      1.47 

+  3  34  35.0 

9.406 

0.752 

Mean  Places  for  1898.0  of  Comparison- Stars. 


Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

i 
20 

35 

598.62 

+  4.16 

-6°  21 

38.3 

+  17.7 

\  (Radcliffe  III + Karlsruhe  II 

1 

+  4.14 

+  17.6 

+  Karlsruhe  IV+A.G.Z.  Ottakring) 

1 

+  4.12 

+  17.6 

1 

+  4.08 

+  17.0 

1 

+4.00 

+  17.6 

o 

20 

38 

32.82 

+  3.92 

—  5  57 

27.9 

+  17.8 

'  i  2  Karls.  II  +  2KarlsIV  +  A.G.Z.  Ottakring) 

2 

+  3.85 

+  17.7 

3 

20 

55 

11.55 

+  3.72 

-5     7 

27.5 

+  18.9 

J  (Radcliffe  III+3  Cape,  1885)  11  Aquarii 

4 

20 

56 

29.14 

+3.68 

-5     3 

57.2 

+  19.1 

Karlsruhe  V 

5 

21 

0 

10.96 

+  3.67 

-4  46 

5.8 

+  19.4 

i  (Radcliffe  III  +  Karls.  11  + Karls.  IV) 

5 

+  3.66 

+  19.4 

6 

21 

5 

55.56 

+  3.65 

-4  33 

22.4 

+  19.8 

^(Karlsruhe  11  + Karlsruhe  IV) 

7 

21 

13 

7.04 

+  3.60 

-4     6 

31.0 

+  20.1 

Karlsruhe  V 

+  3.59 

+  20.1 

8 

21 

17 

8.43 

+  3.55 

-3  33 

51.5 

+20.5 

^(Arg.Gen.Catal.  +  Radcliffe  III  +  Karls.  II) 

9 

21 

u; 

49.16 

+  3.50 

-1  45 

46.8 

+22.3 

X(Mumch  I  +  Copeland  and  Borgen) 

10 

21 

51 

54.13 

+  3.50 

-1  16 

0.1 

+  2°  7 

£(2Mun.I  +  C.andB6rg.  +  B.B.VI  +  A2V1244) 

10 

+  3.49 

+22.6 

11 

21 

56 

41.11 

+  3.47 

-0  48 

53.8 

+22.8 

^(2  Romberg  +  Copeland  and  Borgen) 

12 

22 

0 

32.69 

+  3.49 

-0  48 

55.6 

+  23.0 

B.J.  +  Ast.  Nach.  3509.     a  Aquarii 

13 

22 

6 

2  21 

+  3.45 

-0     3 

4.0 

+  23.3 

|(B.B.  Vl  +  Schj.  +  Cope.  and  B.  +  .4..V.  1712) 

14 

22 

37 

20.72 

+  3.48 

+  2  22 

8.2 

+  24.7 

J  (Munich  1  +  2  A.N.  132S  +  3  A.G.Z.,  Albany) 

15 

22 

50 

26.91 

+  3.51 

+  3  36 

7.8 

+  25.4 

A.G.Z.,  Albany 

o     Both  coordinates  measured  with  micrometer. 

Oct.  2S.  Comparison  through  a  star  9M.5  disk  45"  from  planet. 
Planet  very  faint  and  observation  'difficult  on  account  of  haze  and 
moonlight. 

Oct.  31.  Incomplete  observation  through  gathering  clouds.  The 
declination  is  especially  poor. 


Nov.  3.     Planet  faint  and  difficult,  through  gathering  clouds. 

Dec.  1.  The  catalogue  star-places  are  reduced  to  the  A.G.  system 
by  means  of  the  systematic  corrections  given  in  Munich  I. 

Dec.  3.     Planet  very  faint  and  difficult. 

Dec.  25.  Strong  moonlight.  Planet  faint  but  observations  are 
good. 
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PROVISIONAL    RESULTS  OF 

LATITUDE-MEASUREMEXTS   AT    Till-:    ROYAL    OBSERVATORY    AT    PRAGUE, 

1897  OCTOBER  1   TO   1898  DECEMBER  1  (bobbebow-tazcott), 


Co\iMr>,HATi.i>   Bl    I..    U'KIXEK. 


Date 

Obs. 

<f 

Pairs 

Date 

Obs. 

9 

1 'air- 

Date 

(lbs. 

9 

Pairs 

1807 

l*ys 

Oct.     1 

L 

50  5  L5.84 

9 

June    6 

0 

50  :,  i .-,.:;  i 

1 

A  ._    27 

0 

50  5  L5.63 

3 

2 

S 

15.93 

9 

9 

0 

L5.75 

7 

2 

0 

15.92 

9 

16 

s 

16.29 

'.» 

10 

0 

1. V.V.I 

17 

Sept.    2 

s 

I.",   v,, 

1 

24 

s 

16.31 

17 

11 

L 

15.57 

8 

2 

11 

16.20 

9 

25 

w 

L6.18 

9 

12 

o 

15.60 

3 

6 

s 

15.99 

9 

Nov.  11 

L 

15.67 

9 

13 

s 

L5.87 

8 

6 

<> 

L5.86 

8 

14 

s 

16.33 

9 

i:: 

0 

L5.55 

9 

8 

- 

16.18 

9 

Dec.  28 

s 

16.12 

8 

18 

.    s 

L5.54 

8 

8 

0 

16.17 

8 

29 

1898       ^° 

w 

16.08 

7 

18 

0 

15.32 

2 

9 

- 

16.10 

- 

Jan.      1 

s 

15.94 

8 

21 

s 

L5.93 

7 

11 

0 

L5.95 

9 

Feb.      3 

s 

16.11 

1 

21 

0 

1 5.56 

13 

L5 

0 

16.19 

5 

0 

s 

16.30 

4 

July     3 

s 

16.04 

13 

16 

s 

15.93 

9 

19 

w 

15.81 

6 

6 

0 

15.84 

13 

If. 

0 

15.86 

8 

21 

w 

15.71 

9 

16 

0 

1 5.52 

13 

17 

s 

16.05 

'.| 

24 

w 

15.47 

8 

18 

0 

15.65 

14 

L8 

0 

16.05 

9 

27 

L 

15.53 

10 

21 

0 

15.74 

L5 

19 

0 

15.87 

9 

Mar.  13 

L 

16.03 

13 

25 

0 

15.51 

•  i 

26 

s 

15.95 

3 

14 

s 

16.31 

2 

26 

0 

15.80 

'.i 

26 

0 

16.03 

9 

21 

s 

L5.75 

10 

31 

0 

15.89 

10 

-  I 

s 

If.  M 

5 

28 

s 

15.76 

8 

Aug.    2 

0 

L6.03 

17 

Oct.      3 

0 

16.04 

- 

31 

s 

15.60 

7 

6 

0 

L5.86 

10 

4 

s 

1.".  92 

5 

Apr.     6 

s 

15.95 

8 

12 

0 

15.97 

9 

5 

s 

15.33 

1 

6 

0 

16.06 

o 

13 

s 

15.88 

9 

9 

0 

15.97 

9 

12 

s 

16.05 

5 

13 

0 

15.81 

8 

10 

0 

16.04 

9 

12 

0 

15.41 

7 

14 

s 

16.21 

8 

26 

II 

15.94 

B 

16 

0 

15.54 

7 

14 

0 

15.96 

8 

■  •- 

0 

9 

19 

s 

16.19 

8 

L6 

0 

15.89 

8 

Nov.    3 

0 

16.22 

4 

19 

0 

15.94 

I 

17 

s 

15.96 

8 

6 

s 

16.53 

1 

.May      1 

s 

15.93 

14 

17 

0 

L5.86 

9 

6 

0 

L5.96 

9 

2 

L 

l.->.44 

9 

19 

s 

L6.29 

8 

8 

s 

16.12 

'.i 

14 

s 

L5.89 

10 

19 

() 

16.09 

9 

17 

0 

15.94 

'.i 

22 

0 

15.89 

6 

21 

0 

L5.68 

8 

L8 

- 

16.10 

;i 

24 

0 

15.55 

10 

22 

s 

16.09 

8 

18 

0 

15.91 

v 

June    4 

s 

15.43 

8 

22 

0 

L5.85 

9 

19 

s 

50  5  16.07 

9 

4 

0 

50  5  ir,.r,r, 

s 

26 

s 

.mi  .-,  if,.:;! 

4 

Observers. —  W  =  Prof.  Dr.  L.  Wi.inek. 


S  =  Dr.  R.  Sim  i  mi  k. 


0    =    l'r.    E.    v.  I  >PP01  ZER. 


I.  =  R.   LtXBl  kin 


MtiMin.v  Mi\\~.  Weighted  A.ccoRDnrfl   i"  Number  "i    Pairs. 


Mean  Date 

Mean  y 

Tail's 

Interval 

M'mii  i  late 

M, 

an  <•" 

III! 

•r\al 

1897  Oct.    15.2 

50   5    16.1  1 

53 

1    27, 

L898  June  12.1 

50  ■" 

L5.60 

102 

June 

1  21 

Nov.   12.7. 

16.00 

is 

No     nil 

Julj   L7.8 

17..  7  7 

v.' 

July 

::  :;i 

Dec.  29.3 

If,. HI 

23 

Dec.  28  Jan.  1 

A.ug.  L5.6 

L5.96 

152 

\ 

1898  Feb.  20.8 

17,  7H 

38 

3  27 

L3.5 

16.04 

127 

S 

..  ..- 

M;ii'.  21.2 

15.84 

Hi 

\i  .:     i:;  31 

13.7 

L6.02 

19 

Apr.    L3.7 

L5.86 

1  1 

Apr.     6   L9 

\    .    13.3 

16.04 

N 

."•  1'.' 

May  11.2 

L5.75 

19 

\1,         121 

Prar/,  K.  K.  Slernwarle,  L898  D 
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ELEMENTS    AND    EPHEMERIS   OF   ( 'OMKT  /  1898  (cbabe), 

Bi    E.  F.  CODDINGTON. 


From  m ..  i  of  Nov.  23,  Dec.  7  and  Dec.  L6,  I 

computed  the  following  elements  of  this  comet.    From 
the  same  observations  I  also  computed  two  other  systi 

1. 1  Erom  a  comparison  of  the  residuals  furnished 
by  the  three  it  was  evident  that,  while  the  residuals  here 
:,'i\  en  may  be  slighi  ly  reduced,  t  he  element  - 1  hemselves  will 
nut  be  materially  changed.  The  magnitude  of  the  residuals 
ma\  result  from  errors  of  observation,  since  the  cornel  was 
a  rather  difficult  object  for  the  12-inch  telescope,  which  was 
used  in  making  the  first  two  observations. 

N  Elements. 

T  =  1898  Sept.  20.15344 

„,  =  4°  37'  59^9  ) 

q  =  95  51   35.9  }- 1899.0 

i  =  22  30  20.3  ) 

log  q  =  0.358892 

O-C,     /JK' cos/3'  =   +5".3     ,     J/3'  =   -3".2. 
ML  Hamilton,  1898  Dec.  24. 


Eqi  \  i"F.i  \i    ( ' :i.i\  vi  B8,  1899.0. 

a-  =   r[9.965987]  sin(190  58  21  - 
y  =  r[9.974669]  sin  (109  28     I  1  f 
2  =  r[9.703552]  sini   56  1  1  56.6+») 


E 

INK 

[KRIS    FOB 

( i i.-i  1  \u  n  11   Midnight. 

a 

S 

log  A 

urn 

dan.    1.5 

11 

I  32.80 

+  2S 

11 

33.6 

0.2763 

3.5 

5  42.88 

29 

3 

12.7 

0.2746 

5.5 

6   16.01 

29 

25 

n;. 7 

D.2730 

7..") 

7  42.28 

29 

17 

42.6 

0.2715 

9.5 

8  31.49 

30 

10 

26.2 

0.2703 

1 1 .6 

9  13.76 

30 

:;:; 

25.2 

0.2C,;  11 

13.5 

9    IS. 91 

30 

.-,<; 

34.5 

0.2682 

15.5 

10    17.01 

31 

19 

51.9 

0.2071 

17.5 

10  38.29 

31 

13 

12.4 

0.2668 

19.5 

10  52.71 

32 

6 

30.4 

0.2664 

21.5 

11     0.44 

32 

29 

43.4 

0.2662 

23.5 

11     1.59 

32 

M 

46.3 

0.2662 

25.5 

10  56.31 

33 

15 

34.9 

0.2001 

27.5 

in  14:83 

33 

:;s 

5.0 

0.200s 

29.5 

11 

10  27.28 

+34 

0 

10.6 

0.2674 

1.1.: 


1.15 


1.14 


1.14 


1.13 


1.11 


1.09 


1.06 


Mt. Hamilton  M.T. 

1898  h        in      8 

Dec.  2  14  38  54 


OBSERVATION  OF  COMET  J 1898, 

MADE    WITH   THE  36-INCH    REFRACTOR    OF   THE    I.ICK    OBSER V ATORY. 


X.i. 

( lomp. 

8  ,8 


By  R.  G.  AITKEX. 

la  JS  a  S 

+  10841    I  -127.2    I    10h34m28!8S    I  +  24°2e'3L5    I  w9.568  I  0. 155 


s  apparent 


log  pA 
for  a  for  8 


Mean  Places  for  1898.0  of  Comparison- Stars. 

8 


10  34  14.22 
10  35  46.68 


Red.  to 
app.  place 

I     +  4^25 
+  4.24 


Red.  to 
app.  place 

+  24°  28  27^5    I     -28.8 
+  2  1  29  37.4  -28.9 


Authority 


Micrometer-comparison  with  *2 
Becker,  Berlin  A.G.  Catal.  4078 


Ja  was  measured  micrometrically.     The  comet  is  small,  with   well-marked   condensation,  but  no   stellar  nucleus.     In  brightness  it 
was  estimated  as  equal  to  a  12th  magnitude  star.     It  was  well  seen  in  spite  of  moonlight  and  considerable  haze. 

Lick  Observatory,  University  of  California,  1S98  Dec.  23. 


C  O  X  T  E  X  T  S  . 
The  Benjamin  Apthorp  Gould  Fund. 

Results  of  Zenith-Telescope  Observation  at  the  Flower  Observatory,  by  C.  L.  Doolittle. 
Additional  Note  on  the  Mass  of  Mercury,  by  G.  \Y.  Hill. 

Observations  of  Leonids,  with  Note  upon  One  of  Peculiar  Interest,  by  .1.   B.  Coit. 

Occultations  Observed  at  Princeton  during  the   Lunar  Eclipse  of  Dec.  27,  189S,  Communicated  by  Professor  Young 
Note  on  a  New  Law  of  Temperature  for  Gaseous  Celestial  Bodies,   by  T.  J.  .J.  See. 
Observations  of  the  Planet  DQ,  by  George  C.  Comstock. 
Provisional   Results   of   Latitude-Measurements  at   the   Royal   Observatory   at   Prague,  1897  Oct.  1  to  189S  Dec    1 

(Horrebow-Talcott),  Communicated  by  L.  Weinek. 
Elements  and  Ephemebis  of  Comet  j  1898  (Chase),  by  E.  F.  Coddington. 
Observation  of  Comet  j  1898,  by  R.  G.  Aitki  \. 
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DISCORDANCES    BETWEEN    THE     NORTB      POLAE     DISTANCES     OF     STARS 
DERIVED    FROM    DIRECT   AND    PROM     REFLECTION    OBSERVATIONS, 

By  J.   R.   EASTMAN. 


It  is  many  years  since  Pond,  the  Astronomer  Royal  at 
Greenwich.,  mounted  two  Mural  Circles  side  by  sicl 
determined,  by  simultaneous  direct  observations  of  the 
same  star,  the  systematic  differences  between  the  results 
from  the  two  circles.  He  then  observed  the  same  star 
din  etly  with  one  circle  and  by  reflection  with  the  other, 
and  was  pained  to  find  that  the  results  did  not  agree. 
Moreover,  he  found  that  the  differences  between  the  direct 
and  reflection  results,  D—E,  presented  one  set  of  more  or 
less  consistent  values  for  stars  nnrtlt  of  the  zenith,  and  a 
different  set  of  values  from  stars  sovth  of  the  zenith. 

This  puzzle  has  confronted  every  observer  with  a  Merid- 
ian circle  who  has  tried  to  use  reflection  observations, 
from  the  time  of  Pond's  experiments  to  the  closing  years 
of  the  nineteenth  century,  and  has  probably  caused  a 
wider  feeling  of  discomfiture  amon  many 

other  problem  in  practical  astronoc 

1  know  of  no  exception  to  the  general  rule  that,  in  the 
work  of  every  circle  thai  has  employed  reflection  ob 
tions   in   the  determinal  absolute  declinations   or 

north  polar  distam  alts  from  direct  and  reflection 

mi, ms  do  nol  agrei  I  the  difference  1>.  I 

results  for  stars  north  of  the  zenith  is  not  the 
as  for  stars  south  of  the  zenith. 

If  we  attempt  an  examination  of  this  perplexing 
tion,  we  naturally  inn  first  to  the  records  of  the  G 
wich    Observatory,  where    the  ais    work   in    this 

direction,  in  accordance  with  an  undeviating  plan. 
unrivalled  in  the  history  of  practical  astronomy. 

Unfortunately  Pond  left  no  complete  discussion  of  his 
results,  and  we  are  forced  to  content  ourselves  with  his 
verbal  accounts  of  the  difficulties  which  he  encountered, 
and  even  these  rare  expressions  are  to  be  gleaned  only 
from  the  papers  of  bis  younger  i temporaries. 

The  first  important   discussion  of  English  observations 


appears  in  a  paper  Q)   on   the  Latitude 

atory  by  G.  B.  Airy,  aftervi  Sir  G. 

i  at  Greenwich. 

\\<  garding  the  various  values  of  I,'—I>.  Airy  wrote,  •■  In 
vain  have   1  ,,f  this  dis- 

cordance."    Again,  ■•  1  am  driven  at  last  to  the 
thai  the  cin  ire;  but  I  know  no  proof  of 

this,  nor  do  I  see  distinctly  how  it  should  produce  tl 
ce  in  question." 

Aikv  soon  became  the  Director  of  the  Greenwich  I 
vatory    and   carried    on    the    reflei  I 

reductions    according    to   the   same    plan    which    he    had 
adopted  at  Cambridge.     In  1851   the  new  Transit-* 
was   mounted,  and,  with   this   new  instrument,  whir, 
bined   the   improvement  -kill    of   the 

artisan  and   the  '  \ila  found 

the  same   discordances  which   had    | 

the  work  of  the  more  primitive  Mural  Circled.      Be  then 
began  anew  his  studies  of  tl 
arrived  at  any  satisfacto 

In  the  Greenwich  volume  for  1851   appears  the  follow- 
ing list  of  values  cif  A'—/',  collated  into  grouj  - 

i    north  p. ilar  distance,  both 
nith: 

/:-D 

North  of  the  Zenith  S  Zenith 


-  0.60 

+  0.71 

+0.29 
+0.31 
+0.45 


•ol| 

+0.11 


In  the  volume 

\ 
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of   /,•     /-  derived   from   the  observations  of  1852  and  ar- 
ranged in  the  same  order  as  those  from   the  previous  year: 


North  of  the  Zenith 

+0*45 
-0.02 

-0.61 
+  1.08 
+  0.41 


South  of  the  Zenith 

+0.62 

+  0.06 
-0.17 
-0.96 
-0.29 
+0.10 
-0.10 


Of  the  values  of  R—D  for  1852  the  Astronomer  Royal 
wrote,  "The  want  of  continuity  in  the  above  values  of 
R  —  D  render  it  useless  to  attempt  to  combine  them  ac- 
cording to  any  function  of  the  zenith  distance  ;  yet  as 
there  isN  manifestly  a  correction  due  on  the  whole,  which 
would  be  moderately  well  represented  by  that  deduced 
from  the  observations  of  1851,  and  as  it  is  not  likely  on 
other  grounds  that  the  mechanical  circumstances  on  which 
the  corrections  depend  are  essentially  different,  it  is 
thought  best  to  apply  the  same  corrections  as  in  the  pre- 
ceding year." 

In  the  volume  for  1857  Airy  wrote  in  regard  to  the 
system  of  corrections  derived  from  the  R  —  D  results, 
"  Although  these  tabulated  numbers  have  been  used  in  the 
final  reductions  of  the  results  it  cannot  be  said  that  their 
introduction  is  quite  satisfactory." 

In  the  volume  for  1S59  he  wrote,  "In  the  reductions  for 
the  year  1859  (which  is  intended  to  close  a  period  of 
groupings  for  the  formation  of  a  new  catalogue),  I  have 
been  unwilling  to  depart  from  a  system  of  corrections  for 
R  —  D  which  has  been  followed  for  many  years.  Yet  I 
cannot  disguise  my  feeling  that  it  is  very  improbable  that 
this  correction  ought  to  be  applied  to  the  direct  results." 

In  the  introduction  to  the  seven-year  catalogue  for  the 
epoch  I860,  Airy  wrote,  on  page  ix,  "The  comparison  of 
these  results  seems  to  render  it  extremely  probable  that 
the  origin  of  the  discordance  expressed  by  R—D  lies  in 
some  conformation  of  the  warmer  and  cooler  strata  of  the 
atmosphere  in  the  immediate  neighborhood  of  the  circle." 

In  a  paper  read  before  the  Royal  Astronomical  Society 
on  May  8,  1863,  Q)  the  Astronomer  Royal  discussed  more 
fully  than  before  the  discordance  of  direct  and  reflection 
observations.  From  this  paper  I  make  the  following  quo- 
tations :  "  From  that  time  (1834)  to  the  present,  I  have 
always  used  the  same  principle  of  adopting  the  mean  be- 
tween the  result  of  direct  observation  and  the  result  of 
reflection  observation."  Again,  "It  appears  from  this 
that  the  correction  %  (R—D)  or  a  (R—D)  is  a  real  correc- 
tion founded  on  some  physical  cause.  Upon  this  I  would 
first  remark  that  I  do  not  conceive  that  there  is  any  room 

^JJlem.  Royal  Astronomical  Society,  XXXII,  9 


Eor  explanation  fr defecl    oi  the  instruments."     Finally, 

•■It  appears  probable  thai  no  co-latitude  of  an  observa- 
tory, where  direct  observations  alone  are  used,  is  certain 
to  a  quarter  of  a  second,  and  no  north  polar  distance  of 
stars  at  70°  or  80°  from  the  pole  is  certain  to  bald  8  second. 
I  know  no  method  of  removing  this  doubt  but  the  intro- 
duction of  reflection  observations  of  stars  on  Loth  Bidi 
the  zenith." 

In  each  Greenwich  volume,  from  I860  t<  found 

the  following  allusion  to  the  R  —  J'  results:  '•The  gen- 
eral system  of  corrections  for  H  —  D  which  has  been  fol- 
lowed for  many  years  has  been  retained  in  the  present 
volume.  A  careful  examination  of  the  different  values 
obtained  in  different  years  has  convinced  me  that  the 
quantity  is  real,  but  I  am  still  unable  to  explain  perfectly 
its  origin." 

I  have  quoted  thus  freely  from  the  remarks  and  conclu- 
sions of  the  late  Astronomer  Royal  at  Greenwich  for  the 
purpose  of  calling  attention  to  several  conclusions,  derived 
from  the  discussion  of  many  R  —  D  results,  that  have  gen- 
erally guided  English  astronomers  and  appear  to  have  in- 
fluenced the  work  of  the  majority  of  other  astronomers 
since  the  introduction  of  the  divided  circle  as  an  instru- 
ment of  precision. 

The  principal  conclusions  reached  in  the  discussions 
from  which  the  above  quotations  are  taken,  and  some  of 
which  I  propose  to  consider  briefly,  are  : 

1".  Direct  and  reflection  observations  are  entitled  to 
equal  weight. 

2°.  The  correction  ±  (R  —  D)  or  3-  (R  —  D)  is  a  real  di- 
rection to  the  observed  north  polar  distance  and  is  founded 
on  some  physical  cause. 

3°.  The  correction  is  continuous  from  the  northern 
limit  of  observation,  through  the  zenith,  to  the  southern 
limit  of  observation,  and  is  a  function  of  the  zenith 
distance. 

4°.  It  is  generally  admitted,  if  not  asserted,  that  all 
the  instrumental  defects  of  the  circles  and  telescope,  like 
errors  of  division,  flexure  of  telescope  and  circle,  etc.,  were 
thoroughly  known,  and  that  it  was  not  likely  that  any  such 
causes  could  produce  the  troublesome  discrepancies  that 
have  so  long  vexed  astronomers. 

Most,  if  not  all,  of  the  above  four  statements  have  had 
great  weight  in  determining  the  attitude  of  modern  as- 
tronomers towards  this  subject,  chiefly  because  of  the 
justifiable  respect  for  the  integrity  and  ability  of  Sir 
George  B.  Airy  ;  but  I  feel  quite  certain  that  the  dictum 
embodied  in  the  last  of  the  four  points  enumerated  is 
largely  responsible  for  discouraging  investigation  in  a  field 
that,  apparently,  is  not  yet  exhausted. 

These  four  statements,  which  have  gradually  grown  to 
have  the  weight  of  well  established  authority,  seem  to  me 
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to   be   fruitful    subjects    for  discussion,  containing   many 
questions  that  are  yet  far  from  final  settlement. 

At  present  I  wish  to  consider  some  of  the  questions  in- 
volved in  the  fourth  proposition,  which  assumes  thai   the 
errors    of   the    instruments   are   all   known   and    that    the 
causes    of    the   discordances    must    be    sought    foi 
where. 

If  we  examine  the  history  of  the  telescope  as  well  as  the 
structure  of  the  modern  instrument,  it  will  be  seen  readily 
that  it  was  designed  for  use  on  objects  above  the  horizon. 
If  the  objective  in  its  cell  be  carefully  fitted  into  the  collar 
on  the  end  of  the  telescope  tube,  in  the  usual  way,  it  is 
probable  that,  for  work  on  all  objects  observed  directly,  the 
objective  would,  simply  by  the  action  of  gravity,  maintain 
its  position  with  relation  to  the  telescope  tube.  But  when 
the  telescope  is  pointed  below  the  horizon  for  observing 
the  nadir  or  a  reflected  star,  all  the  conditions  are  immedi- 
ately changed.  The  weight  of  the  objective,  or  the  weight 
of  the  objective  and  cell  combined,  produces  an  unusual 
strain  on  the  screws  which  hold  the  objective  in  its  cell 
and  the  cell  in  the  collar.  If  the  objective  in  its  cell,  the 
cell  in  the  collar  or  the  collar  on  the  telescope  be  free  to 
move  in  the  least  degree  iu  such  a  manner  as  to  tilt  the 
objective  in  the  direction  of  the  meridian,  then  the  ob- 
served reflected  image  of  a  star  will  be  displaced  more  or 
less  in  zenith  distance.  Such  a  tilting  of  the  objective 
would  produce  similar  errors  in  both  nadir  and  reflection 
observations. 

Differences  in  results  from  reflection  observations  north 
and  south  of  the  zenith  might  also  arise  from  motion  in 
the  sliding  tube  which  carries  the  eye-piece,  or  from  motion 
of  the  plate  carrying  the  fixed  threads  of  the  eye-piece. 

The  latter  contingency  in  the  case  of  the  Washington 
transit  circle  is  highly  improbable.  The  sliding  tube  of 
thai  instrument  with  the  eye-piece  and  attachments  weighed 
a  I  h  nit,  fourteen  pounds.  This  tube  was  held  in  place  b} 
means  of  a  screw  working  through  the  collar  at  the  end  "I 
the  telescope-tube  and  against  a  slightly  curved  steel  bar 
lying  against  the  tube  and  parallel  to  its  axis.  This  bar 
was  about  5  inches  long,  0.75  inch  wide  and  0.26  inch  t  hick. 
A  steel  spring  of  the  same  length  as  the  bar,  bul  with 
greater  curvature,  rested  in  a  slot,  0.6  inch  wide  and  0.12 
inch  deep  on  the  under  side  of  the  bar.  \\  lien  the  sliding 
tnl»'  was  in  position  u  it li  the  fixed  threads  of  the  eyi 
in  the  stellar  focus  of  the  objeetive,  the  spring  and  bar 
were  forced  by  the  screw  against  the  sliding  tube  to  hold 
it.  in  place. 

The  action  of  the  screw  was  in  the  plane  of  the  meridian, 
and  the  sliding  tube  was  supported  on  two  bearings  0.76 
inch  \\  ide  and   1 20  '  from  I  be  spring  am  i  other. 

When  the  clamp  was  east  and  the  ti        i  pointed  to 

the  south  the  weight  of  the  tube  and  md  thepres 

sure  of  the  spring  acted  in  the  same  direction ;    when  the 


telescope  was  pointed  to  the  north  the  weight  and  the  spring 
acted  in  opposite  direct 

As  it  was  practically  impossible  to  regulate  the  pw 
exerted  by  the  screw  every  time  the  tube  was  removed  and 
readjusted,  it  is  almost  certain  that  this  pressure  varied 
within  comparatively  wide  limits,  and  it  is  highly  probable 
thai  i  he  alternate  combined  and  opposing  action  of  gravity 
and  the  spring  would  produce  opposite  effects  in  the  results 
from  reflection  observations  north  and  .«>»//,  of  the  zenith. 

When  the  telescope  «  below  the  horizon 

of  the  conditions  under  which  the  direct  o 
made  were  reversed,  and  in  the  case  of  the  reflected  i 
vations  the  tendency  of  the  eye-piece  was  to  move  toward 
the  objective.  Such  action  with  regard  to  the  sliding  tube 
would  tend  to  produce  such  results  as  are  found  in  tal  •  A 
in  the  second,  third  and  fifth  columns.  Motion  in  the 
sliding  tube  would  have  little  or  no  influence  in  the  nadir 
observations. 

The  proper  reductions  of  the  reflection  observations  from 
which  the  values  of  /)Z„  and  dZt  are  derived  require  an 
accurate  know  ledge  of  the  flexure  of  the  telescope.  The 
usually  accepted  method  of  finding  the  flexure  of  the  tele- 
scope is  to  carefully  level  one  collimator  and  then  aeon 
point  the  second  collimator  on  the  first.  When  this  adjust- 
ment is  completed  and  maintained  \>\  frequent  conipai 
the  angle  between  the  collimators  is  measured  with  the 
telescope,  through  the  zenith  or  nadir. 

The  difference  between  this  measured  angle  and  1  B 
adopted  as  the  entire  amount  of  the  flexure.  If  we  repre- 
sent the  whole  amount  of  the  flexure  by/;  the  amount 
between  the  north  collimator  and  the  zenith  by  a;  that 
between  the  south  collimator  and  the  zenith  by  /•.  then 
a  +  b  =  /.  In  practice  it  is  generally  accepted  that 
a  =  b  =  £/.  This  is  an  assumption  without  even  a  lair 
amount  of  probability  for  a  basis. 

When  the  telescope  is  pointed  to  the  north  collimator  one 
side  of  the  telescope  tube  and  cube  is  uppermost,  and  when 

the    telescope    points    to    t  ho  \,o/i7<  collimator  the  other  side 
of  the  tube  and  cube  is  upperi 

It    is   possible  but  hardly  probable  that  the  flexure  of  the 

telescope  is  the  same  in  the  two  positions.     It  ma]  : 

that  this  assumption  has  1 n  the  only  available  one  in   re- 
gard   to   the  flexure,  but  it  should  not    be  employed  t 
plicate   other   investigations  "hose   results   are  essential  to 

tin-  accurate  determination  of  tin'  positions  of  stars 
problem  in  hand  admits  of  no  easy  solution 
possible  to  determine  1  lition  of  thenadu 

then  the  measured  angles  from  north  collimator  to  nadir 
and   from   nadir  to  south  collimator  would  furnish  tl. 
for  finding  the  separate  values  of  a  and  b.     Hut  whilt 
is  a  possibility  of  a  tilting  motion  of  the  objective,  hi 

small,  the   true   nadir   point  cannot  be   ti\ 

by  nadir  observations  in  one  position  of  the  instrumi 


176 


THE     A.STRONOMICAL    JOURNAL. 


N"    I.M 


If  the  \,.|i  [oa]  co  a.  to   made  bo  work  n  itb  ease 

and  accuracy,  then  the  zenith-point  can  be  Eound  with   the 

tele  copic  object  h  e  in  il    mal  posil  ion  and  w  Lthoul  any 

ai  e  to  the  nadir  point. 

Until  some  method  is  Eound  Eor  determining  separately 
the  values  of  a  and  J  the  assumption  that  these  quantities 
are  equal  "ill  continue  to  be  responsible,  probably,  Eor  a 
large  share  of  the  numerical  values  of  .lZ,t  —  .lZ.  in  table  A. 
and  the  true  systematic  correction  must  be  found  by  a 
symmetrical  combination  of  the  direct  and  reflection  results. 

From  these  causes,  namely  :  tilting  of  the  objective,  un- 
equal stress  on  opposite  sides  of  the  sliding  tube,  and 
erroneous  assumption  in  regard  to  equality  of  flexure  on 
both  sides  of  the  zenith;  there  have  probably  arisen  three 
sets  of  errors,  symmetrical  with  respect  to  the  zenith, 
which  ln\ve  been  introduced  with  greater  or  less  magnitude 
into  all  the  reductions  of  both  direct  and  reflection  obser- 
vations wherever  reflection  observations  have  been  em- 
ployed to  determine  fundamental  places. 

The  relative  magnitudes  of  these  different  errors  are 
probably  in  the  inverse  order  in  which  the  sources  of  the 
errors  are  named  above. 

At  the  Naval  Observatory  in  Washington  the  cause  of 
the  discordances  between  the  results  from  direct  and  reflec- 
tion observations  made  with  the  Transit  Circle  was  originally 
ascribed  to  some  unknown  error  inherent  in  the  method  of 
determining  the  zenith-point  correction,  and  the  systematic 
corrections  which  were  applied  to  the  results  and  printed 
in  the  annual  volumes  from  1866  to  1888,  were  determined 
in  accordance  with  that  theory,  by  the  methods  explained 
in  each  volume. 

These  methods  were  founded  on  the  assumption  that  the 

quantity     dZn  =      *  9 


derived  from  observations  of 


stars  north  of  the  zenith,  and  used  with  the  sign  changed, 
was  the  proper  constant  systematic  correction  to  the  ob- 
served  north  polar  distances,  direct  and  reflected,  of  all 
objects  north  of  the  zenith  ;  and  that  a  similar  quantity, 

AZ,=  — i-jj — -,   derived  from  southern  stars  was  the  proper 

constant  systematic  correction  to  be  applied,  with  the  sign 
changed,  to  the  results  from  all  observations  south  of  the 
zenith. 

This  method  of  determining  the  correction  for  discord- 
ances introduced  an  abrupt  and  perplexing  change  in  its 
value  at  the  zenith,  sometimes  reaching  an  embarrassing 
magnitude.  The  final  results  of  using  such  systematic  cor- 
rections for  twenty -two  years  will  be  shown  later. 

In  my  own  investigations  of  the  work  of  the  Transit 
Circle  frequent  comparisons  of  annual  results  in  north 
polar  distance  gave  no  definite  evidence  of  any  variation  in 
the  values  of  D  —  E,  on  either  side  of  the  zenith,  which 
depended  on  the  zenith  distance.     If  the   objective  were 


simply  tilted  by  the  action  of  gravity,  no  variation  would 
be  expected  Eor  zenith  distances  beyond  90°,  and  the  nadir 
as  well  as  the  reflection  results  from  stars  would  Bhow  the 
maximum  effi  of  of  di  placement. 

\    aming  such  a  displacement  of  the  objective,  the  de- 
termination  of   the  systematic   error   of  the  zenith-point 

correction  depending   on    this  displacement,  however  small 

it  may  be,  may  be  considered  as  follows.  It  />  represents 
the  resulting  north-polar  distance  of  a  star  from  direct  ob- 
servations, and  A'  the  resulting  north-polar  distance  from 

reflection  observations  ;    then       —2-= — -   =   dZ„  =       the 

error  in  the  zenith-point    correction  as   found  from  stars 
D.-E. 


north  of  the  zenith  ;  while 


-  =  JZM  =     the  error 


in  the  zenith-point  correction  as  found  from  stars  south  of 
the  zenith. 

These  should  be  really  two  determinations  of  the  same 
quantity,  and,  if  the  other  errors  were  known  and  elimi- 
nated, would  be  practically  the  same.  But  these  two 
quantities  JZn  and  AZt  may  and  probably  do  con- 
tain errors  due  to  imperfect  knowledge  of  flexure,  etc., 
which  are  of  much  greater  magnitude  than  the  one  due  to 
an  insecure  objective  which  has  just  been  considered. 
Since  there  seems  to  be  no  good  reason  why  a  change  in 
the  position  of  the  objective  should  have  any  effect  on  the 
results  from  direct  observations,  save  through  the  effect  of 
an  erroneous  zenith-point  correction,  the  true  annual  syste- 
matic correction  to  the  results  from  direct  observations  on 
account  of  error  in  the   adopted  zenith-point  corrections 

would  be     — = -. 

For  reflection  observations  the  systematic  correction 
would  be  the  correction  on  account  of  error  in  the  zenith- 
point  correction  jilus  the  measured  difference  between  the 
results  from  the  direct  and  reflection  observations  north  of 
(  IZH  +  JZ,) 


the  zenith,  or     — 


+   (Pn-BJ 


For  reflection  observations  south  of  the  zenith  the  syste- 


matic correction  would  be     — 


njzn+.izt) 


2 


-r  (D.-X, 


'4 


The  corrections  for  the  effect  of  shifting  the  position  of 
the  sliding  tube  and  for  the  use  of  erroneous  flexure  con- 
stants would  also  be  symmetrically  disposed  about  the 
zenith-point.  According  to  the  above  interpretation  of  the 
discordance  between  the  results  from  direct  and  reflect  ion 
results,  and  from  the  method  of  deriving  the  systematic 
corrections,  the  annual  values  of  JZ,  to  be  applied  to  the 
results  from  direct  observations,  suffer  no  change  at  the 
zenith. 

It  was  unfortunate  that,  before  the  final  discussion  of 
the  results  from  the  direct  and  reflection  observations  with 
the  Washington  Transit  Circle  was  begun,  the  instrument 
was  dismounted  and  such  changes  made  in  the  length  of 
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the  telescope  tube  and  in  the  mounting  of  the  ob 

that  it  was  impossible  to  make  such  measures  as  would  lead 

to  the  definite  determination  of  the  motion  of  theob; 

and  of  the  sliding  tube  or  of  the  constants  of  flexure  of 

the  telescope  in  tin'  two  positions  of  that  instrui 

It  became  necessary,  therefore,  to  find  some  method  of 
correcting  the  annual  results  already  obtained  with  the 
Transit  Circle  in  accordance  with  the  system  of  reduction 
employed  from  1866  to  1888. 

With  this  end  in  view  the  following  I 


I 

■ 

I 

printed  in  I 

(ju  account 

the  second  and  thii  .'inual 

values  of    I'/..     The  fifth  co 
between  the  quantities  in  the 


Table  A. 


JZ„+JZ, 

JZ.+JZ. 

Tear 

JZ., 

JZ, 

2 

JZ„— JZ. 

_■/ 

JZ, 

2 

JZ.— JZ. 

JZ 

JZ 

1S66 

+1.041 

+0.371 

+  0.71 

1878 

~o'.374 

-o'.66 

1867 

+0.647 

-0.099 

+0.27 

0.75 

1879 

+  l  867 

+1.43 

0  B7 

1S68 

+  0.582 

-0.135 

+  0.22 

0.72 

1880 

-1.320 

2.570 

-1.94 

1.25 

1869 

+  0.006 

-0.578 

-0.29 

0.58 

1881 

+  1.046 

+0.463 

+0.78 

1870 

+0.229 

+0.220 

+0.22 

e.di 

1 882 

-0.642 

-1.292 

-0.97 

0.65 

1871-2 

+0.626 

-  0.439 

1.07 

1883 

+1.062 

+0.579 

1873 

+  1.299 

+0.576 

+0.94 

0.72 

1 88 1 

-0.100 

-1.101 

1874 

-0.073 

-0.664 

-0.37 

0.59 

1885 

0.79 

is:.-, 

+  1.199 

+0.423 

+  0.81 

0.78 

1886 

_  0.155 

1.003 

-0.58 

1876 

+0.346 

-0.600 

-0.13 

0.95 

1887   8 

+0.149 

-0.685 

1877 

+  0.988 

+0.273 

+  0.63 

+  0.72 

An  examination  of  the  above  table  shows  that  all  the 
values  of  dZn—AZ,  have  the  same  sign,  also  that,  with  the 
exception  of  those  for  1870  and  1880,  they  are  fairly  ac- 
cordant. In  1870  the  Transit  Circle  was  mounted  anew  in 
the  new  observing  room  and  was  used  only  the  first  six 
months  of  the  year.  The  large  values  in  1880  are  still 
unexplained.  The  mean  of  the  annual  values  of  IZ  IZ 
is  +0".73  ±  0".04.   An  inspection  of  these  values  leads 

ision  that  they  are  the  result  of  some  peculiarity  of 
construction  or  of  adjustment  in  certain  parts  of  tin-  in- 
strument, or  of  some  error  in  the  determination  or  in  the 
use  of  the  constants  of  flexure;  ami  that  in  effect  these 
errors  are  distributed  symmetrically  with  regard  to  the 
zenith-point. 

As  a  result  of  this  investigation  I  have  adopted  the  mean 
of  the  two  determinations  of  .IZ,  north   and  south  of  the 

.  ,         ,  .  IZ  +  IZ 

zenith,  asthe  true  systematic  correction,  or    IZ  — 

a^  given  in  the  fourth  column  of  tabl    V 
It  now  remains  to  compare  the  results  obtained  b 

old  methods  of  reduction  with  those  derived  in  them 

which  I  have  outlined  and  which  for  brc\  ity  1  n  ill  call  the 

IMW  method. 
The  results  of  the  work,  on  stars,  with  the  Transit  I 

of   the   Naval   Observatory,  have    been  embodied   in   the 

"Second  Washington  Stai  l  atalogue"  rect  d  from 

the  Government  Printing  Office. 


That  work  was  first  r<  duced  « it 
computed   by   tin1   methods    e: 
Observatory  from  1866 1      --- 
that  good   n  i.  and 

• 
accordance  with  the  principles  set  forth  in  I 

I '    fessor    Ni  w<  omb,  1 
Ephemeris  ami  Nautical  Aim 
some  time,  in  preparing  a  standard 
titled.  ■ 

1875.0  and   1900.0,  reduced  to  an  The 

data  on  which  this 

from    the  best   known   sources,  and   the  author 
neither  care,  skill  nor  labor  in  making  it  wha 
indicate. 
The   data    from    the  work   of   tie 

-  :  w<  OMB  in  the  formation  of  hit 
.    :i   manuscript,  derived 
by  means  of  the  ■■'</  method 
servations  and  computii 
those  pi. ices  he  derived    I  them 

to  his  Fundamental 

i    Catalogues 

In  the  follow  ing  table,  B,  I 

IS   which   were   found   ni 


178 


THE     ASTIiiiNoMICAL    JOURNAL. 


N"    151 


positions  derived  from  the  Transit  Circle  work,  1  •  %  the  old 

method  of  obti g  systematic  corrections,  to  Newcomb's 

absolute  system;  Becond,  the  actual  corrections  by  groups 
which  wen-  fciiimi  In  comparing  the  first  reductions  for  the 
Washington  Catalogue  with  Newcomb's  list,  star  by  star ; 
and  third,  the  differences  between  the  final  places  of  the 
Washington  Catalogue,  reduced  by  the  new  method,  and 
\  i  wi  omb's  absolute  places. 

In  this  table  Wn3(l  i  denotes  the  places  from  the  Wash- 
ington Catalogue  from  the  first  reduction;  Ww.,  denotes 
the  final  places  from  the  Washington  I  'atalogue  obtained 


li\  the  »ew  reduction;  and  A.K.  denotes  the  places  from 
the  American  Ephemeris  or  from  Newcomb's  absolute 
system. 

There  is  also  included  in  this  table  a  comparison  of  the 
results  in  Wn,  with  those  in  Ai  webs's  "Catalog  der  Fun- 
daiueiital-Sterne  fur  die  Zonen-lieobachtungen  der  A  tro- 
nomischen  Gesellschaft  am  Niirdlii-hen  Himmel ;  L875.0;" 
and  with  the  places  in  the  "Catalogue  of  500  Stars  for  the 
Epoch  1875.0"  by  Boss. 

The  subscript  figures  in  columns  four,  five  and  six  indi- 
cate the  number  of  stars  used  in  the  comparison. 


Table  P>. 


Limits  in  N.T.I). 
Of  < J roups 
Compared 

Newcomb's 
Systematic 
Corrections 
to  Wn.  (1) 

Wn:(l)-A.E. 

Wn.  -A.E. 

Wn.  -  Auwers 

Wn»  -  Boss 

*   0°to     10 
10    "      20 

-0.04 

.  +0.04 

+  0.04  „ 

+  0.04  6 

-0.08, 

.11 

.11 

.13.,4 

.12u 

+   .02M 

20    "     30 

.15 

.16 

•18w 

■04u 

+   .06„ 

30    «     40 

.19 

.39 

.41, 

+    .16, 

+   .09, 

40    '•'     50 

.22 

.27 

.25 , 

■0010 

-   .06 , 

50    "      60 

.63 

.63 

+  .oiM 

-   -27  , 

—  -17m 

60    "      70 

.68 

.68 

-  .12u 

■3315 

—  .-J,., 

70    "      80 

.73 

.72 

-   .03„, 

.37„ 

-  .12a 

80    "     90 

.77 

.77 

-     -0125 

....,., 

-   .2624 

90    »   100 

.79 

.  i  i 

+   -0219 

.3812 

-  .1919 

100    "   110 

.79 

.80 

+   .03,, 

.7518 

-    ■••!21,: 

110    "   120 

.79 

0.76 

+   .02 , 

-0.96M 

-   -23 , 

120    "    125 

-0.80 

+  1.09 

+  0.28, 

-0.09  3 

It  will  be  noticed  that  the  corrections  in  columns  three 
and  four  for  the  fourth  group  in  the  above  table,  are  espec- 
ially large.  The  whole  number  of  stars  in  that  group  is 
only  six  and  the  magnitude  of  the  correction  is  chiefly  due 
to  the  large  residuals  from  6  Ursae  Majoris  and  0  Bootis. 

It  will  be  seen  also  that  the  corrections  for  stars  north 
of  the  zenith  in  columns  three  and  four  are  practically  the 
same.  This  arises  from  the  fact  that  the  value  of  JZ,  as 
Andover,  N.H.,  189S  Dec.  1. 


derived  from  the  observations,  is  entirely  independent  of 
the  assumed  latitude  while  the  correction,  Jq,  to  the  as- 
sumed latitude  depends  on  the  adopted  value  of  JZ.  "With 
the  values  of  JZ  derived  from  the  old  method  of  reduction 
the  mean  value  of  Jq  from  21  years'  observations  was 
— 0".50  ±  0".066;  with  the  next-  method  the  mean  value  of 
/.,  was  -0".10  ±  0".050. 


COMET  c  1898  (coddingtox), 

By  C.  J.  MERFIELD. 


As  it  may  be  possible  for  northern  observatories,  having 
large  telescopes,  to  obtain  further  observations  of  this 
apparition,  the  appended  ephemeris  has  been  computed 
from  my  elements  as  published  in  A.N.  3524. 

That  these  elements  may  be  referred  to  the  mean  equi- 
nox of  the  year  1S99,  the  following  reductions  have  been 
applied: 

Jw  =    +0.5         JQ,    =    +50.1         Ji  =    +0.1 

The  corrections   to   the  ephemeris   computed  from  the 


same  elements,  and   extending  from   1898  June  to  1898 
December,  are  represented  thus  : 

da  =    +087ol  +  [7.8563]*-  [6.2326], 2 
r/S  =    -0.31    +  [9.2594] ;  + [7.4749]  < 2 
in  which     t  =  T  —  220  ;   T    being  the  day  of   the  year 
1898.     On  the  date  1S99  Jan.  15,  the  correction   to  the 
appended     ephemeris    may    amount    to     —2"    in    a,    and 
+  1'43"  in  3. 
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Jan. 


Feb. 


Kim  Ml  BIS    I  mi 

1  ilM.l  \  W|.  B    M  BAM 

) 

a  Apparent 

8  Apparent 

log  A 

1899 

15 

l"  41 

50 

-50° 

29 

8 

17 

1   44 

53 

-49 

14 

19 

0.3858 

16 

19 

1   47 

52 

-48 

0 

24 

18 

21 

1  50 

48 

-46 

17 

26 

0.3948 

20 

23 

1  53 

41 

-45 

35 

27 

22 

25 

1  56 

31 

-44 

24 

30 

0.4040 

24 

•j- 

1  59 

19 

-43 

1  1 

37 

26 

29 

o      o 

4 

-42 

5 

48 

0  II.".:. 

28 

31 

2     4 

48 

-40 

58 

6 

Mar.    2 

o 

2     7 

30 

-39 

51 

31 

0.4232 

1 

4 

2  10 

10 

-38 

46 

5 

6 

0 

2  12 

49 

-37 

41 

48 

0.4330 

8 

8 

2  15 

26 

-36 

38 

41 

10 

10 

2  IS 

2 

-35 

36 

44 

0.4430 

12 

12 

2  20 

.".7 

-34 

35 

59 

14 

New 

Soulk  Wales, 

1S9S  Dec 

.  19 

a  Apparent 

I.  in       a 

2  23  1  1 

2  25  It 

2  28  L6 

2  30  17 

2  33  17 

2  35  46 

2  38  L5 

2  in  \:\ 

2  13  10 

2  15  37 

2  18  3 

2  50  28 

2  52  52 

2  55  16 

2  57  40 


-32  38  - 

_:;i  m  .Mi 

_30  It  50 

-29  50  0 

-28  56  19 

:;  18 

-27  12  25 

::  9 

-25  33  0 

-24  11  .--7 

-23  57  58 

-23  12  4 

_22  27  13 

-21  43  25 


0.4530 

0.4927 
0.5023 
0.5118 
0.5211 


LATITUDE-OBSERVATIONS    MADE    AT    THE    IMPERIAL    ASTRONOMICAL 

OBSERVATORY    AT    KAS.W. 

By  M.  A.  GRATCIIOF,  Observes  of  thk  Observatory. 

[Communicated  by  Prof.  D.  I.  DuBIAGO,   Director.] 
Si  i:i  ES    IV. 
Date  <f  Pairs 

55    47'+ 


Da 

e 

<P 

Pair 

55°  47'+ 

7  July 

13 

23'07 

14 

14 

23.24 

4 

15 

23.14 

14 

16 

23.14 

14 

17 

"."  22 

14 

.»•> 

23^22 

14 

23 

23.20 

14 

26 

23.14 

14 

L'7 

23.29 

14 

Aug. 

10 

23.05 

15 

11 

23.15 

15 

16 

23.26 

15 

17 

I-:;.:;:; 

15 

20 

23.07 

15 

21 

23.11 

11 

23 

23.30 

5 

24 

23.22 

15 

Sept 

10 

23.26 

15 

12 

23.1  1 

12 

22 

23.26 

17 

27 

i':;.:;i 

17 

28 

23.16 

1 

:".» 

23.21 

3 

Oct. 

7 

23.28 

17 

8 

23.25 

17 

9 

23.38 

8 

19 

23.34 

8 

26 

l':;.:;'.i 

4 

Nov. 

4 

23.30 

17 

17 

23.22 

13 

23 

23.66 

:; 

25 

23.42 

s 

Dee. 

2 

23.32 

17 

3 

•_';:.  I'.i 

17 

4 

2.",.  7.". 

17 

5 

23.84 

17 

1897  Dec. 


1898  .lan. 


13 

15 

21 
1 

1  1 

16 
21 

L'.". 

26 

1 

4 
12 
1.-. 
1  1 
n; 

19 


Mar.       1 


Feb. 


Ma\ 


II 
IS 

25 
28 

I 
1  1 
15 

•-•:; 
30 


s 
L2 


23.31 
23.27 

23.21 
23.62 
23.14 
23.37 
23.51 
23.48 
23.10 
23.26 
i':;.ii| 
23.  1  '.• 
l'.".L'l 

23.16 

23  l" 
23  I  l 

23.28 

23  20 
23.18 

23.10 

23  2i' 
:'."!.; 
23.06 
23.16 
23.27 

23.09 
23.13 
3.01 
3.12 
2.88 
2.95 


17 
17 
17 

11' 
17 
17 
3 
4 
1  1 
17 
17 

!l 
2 

16 

16 

11 

16 
16 

If. 
8 
L6 
16 

15 
11 

15 
15 

15 
I.". 

16 
16 
L6 

'.) 


.92 
23.26 
23.10 


L898 


Date 

? 

- 

.'.",o7 

15 

1  1 

J.".H' 

15 

19 

.'."..ll 

13 

28 

23.03 

15 

June    '■'< 

.'.".1  1 

14 

1 

22.96 

10 

5 

14 

7 

.'.".hi 

14 

:• 

23.03 

11 

11 

23.05 

1  1 

13 

1  1 

2(1 

13 

27 

23.04 

14 

July     4 

.'.".'  •! 

11 

6 

.'.".In 

1  1 

7 

23.16 

1  1 

8 

- 

8 

is 

.'."i'l 

1". 

25 

11 

28 

22  -l 

14 

■j  \i 

8 

30 

22.94 

14 

23.21 

15 

B 

• 

15 

16 

15 

17 

- 

15 

21 

.'2.75 

7 

L'l 

.'.".. L'" 

15 

2fi 

22.94 

15 

26 

15 

Sept.  12 

23.13 

I.". 

l:: 

s 

20 

.". 

L' "» 

.'.".is 

,:n 

ISO 


ill  E      \  -I  RONOMICA  I.    .1"  I'  l:  N  A  I.. 


N     164 


MmMIII.V     M  I    \\s. 

Date 

<f 

Pali 

Date 

if 

L897  July 

20 

L897.55 

55 

r 

23  18 

I  16 

L898  Mar. 

i:; 

L898.20        55   l,    - 

111 

V   , 

17 

63 

23.18 

L06 

Apr. 

16 

29                   23.06 

72 

Sept. 

L9 

i  - 

65 

May 

1  1 

37                   I'::."-"' 

L00 

Oct. 

1! 

78 

23.30 

54 

-1 

11 

11                   23.02 

ll'l 

Nov. 

1  1 

87 

23.32 

11 

July 

17 

:.i                  L':;. mi 

113 

Dec. 

8 

94 

23.47 

i:;i 

A.ug. 

17 

63                   23.02 

112 

1898  Jan. 

1  1 

1898.04 

23.21 

89 

Sep! 

18 

72        55   17  23.15 

l  1 

Feb. 

1  1 

12 

.").") 

I 

23.18 

102 

l'i:<>\  [8I0NAL    K CTION. 

Date 

? 

Pairs          Date 

<? 

L898  Ocl 

o 

55   17 

23.18 

8 

g   '   Oct.   11 

'.1 

111 

23  22 

23.13 

55    17 

23.24         51 

\ 

Xov 

17 

5 

9 
1  1 
22 
23 

55    17 

23.36 

23.23 
23.32 
23.4  1- 
23  16 

23.48 

17  J 

9   y  Xov.  11 
15   | 
6J 

55    17 

23.3S         r>4 

EPHEMERIS   OF  COMETj'1898, 

By  E.  F.  CODDINGTOX. 


From  my  elements,  given  in  A.J.  453,  I  have  computed 

the  following  ephemeris  for  this  comet.  The  ephemeris 
for  January,  already  published,  from  the  same  elements,  is 
somewhat  in  error  owing  to  the  use  of  a  wrong  value  of  B, 
which  should  read  109°  18'  4".4  instead  of  as  printed. 
The  corrected  ephemeris  gives  the  following  residuals  for 
my  recent  observations  with  the  36-inch  refractor  : 


Jan.  4, 


O-G 

Ju  =  +o!i9 

Ja   =    +0.17 


JS  =   +2.5 

.i&  =  +1.; 


Ephemeris  fob  Gbeenwich  Midnight. 


Gr.  M.T. 

1899 

dan.  31.5 

Feb.    2.5 

4.5 

6.5 

8.5 

10.5 

12.5 

1  1.5 


11 


11 


9  3.46 
s  33.94 
7  59.15 
19.42 
35.16 
46.74 
54.58 
59.18 


+  34  20  10.6 

34  41  14.5 

35  1  41.3 
35  21  27.5 
35  40  28.4 

35  58  39.5 

36  15  56.7 
+36  32  17.2 


logA 

0.2685 
0.2696 
0.2708 
0.2723 
0.2740 
0.2759 
0.2780 
0.2804 


Br. 

1.07 
1.02 
0.99 

0.95 


i.r.  M.T. 

a 

8 

log  A 

Br. 

Feb.  16.5 

11 

3" 

0.99 

+  36 

47 

38.3 

0.2829 

0.91 

18.5 

2 

0.49 

37 

1 

56.3 

0.2857 

20.5 

11 

0 

58.16 

37 

15 

10.3 

0.2886 

0.87 

22.5 

1(1 

.V.I 

54.48 

37 

27 

17.1 

0.2918 

24.5 

58 

49.87 

37 

38 

16.7 

0.2951 

0.83 

I'd..-, 

57 

44.81 

37 

48 

7.6 

0.2987 

28.5 

56 

39.81 

37 

56 

47.S 

0.3024 

0.79 

Mar.  2.5 

55 

35.16 

38 

4 

19.6 

0.3062 

!..-> 

54 

31.44 

38 

in 

1:1.11 

0.3103 

0.75 

6.5 

53 

29.03 

38 

15 

50.6 

0.31  15 

8.5 

52 

28  31 

38 

19 

50.9 

0.3188 

0.71 

10.5 

51 

29.67 

38 

22 

42.6 

0.3233 

12.5 

50 

:;.';.."'  1 

38 

24 

26.6 

0.3278 

0.67 

14.5 

49 

10.26 

38 

25 

2.3 

0.3326 

16.5 

48 

50.19 

38 

24 

32.9 

0.3375 

0.63 

18.5 

48 

."..54 

38 

23 

0.5 

0.3425 

20.5 

47 

20.60 

38 

I'u 

25.6 

0.3475 

0.59 

22.5 

46 

41.55 

38 

16 

52.1 

0.3527 

24.5 

46 

6.59 

38 

12 

20.8 

0.3579 

0.55 

26.5 

15 

35.86 

3S 

6 

55.2 

0.3632 

28.5 

45 

9.42 

38 

0 

36.7 

0.3686 

0.51 

30.5 

44 

47.38 

37 

53 

28.5 

0.3740 

Apr.   1.5 

44 

29.87 

37 

15 

31.8 

0.3795 

0.48 

3.5 

10 

11 

16.87 

+  37 

36 

49.3 

0.3851 

3ft.  Hamilton,  1S99  Jan.  14. 
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THE    FUNDAMENTAL    LAW    OF    TEMPERATURE    FOR    GASEOUS 

CELESTIAL    BODIES, 

By  T.  .1.  J.  SEE. 


(i).  Historical  Statement.  It  is  proposed  to  discuss  a 
very  remarkable  law  of  temperature  which  applies  to  all 
gaseous  celestial  bodies,  and  apparently  throws  a  new  light 
upon  the  processes  by  which  the  material  universe  has 
reached  its  present  condition.  If  this  law  is  somewhat  less 
general,  it  is  even  more  simple,  than  the  law  of  gravitation  ; 
and  hence  it  is  highly  proper  to  set  forth  with  some  detail 
the  steps  by  which  the  results  indicated  below  have  been 
attained.  As  intimated  in  A.J.  453,  the  law  was  disco 
by  me  (on  May  6,  1898)  while  occupied  with  some  researches 
on  the  heat  of  the  sun  intended  for  Vol.  II  of  the  "  Ke- 
searches  on  the  Evolution  of  the  Stellar  Systems":  the 
immediate  cause  of  the  inquiry  being  the  necessity  of  ex- 
plaining the  darkness  of  the  companions  of  such  stars  as 
Sirius  and  Procyon.  Having  Inst  all  manuscript  papers  by 
the  fire  of  September  14,  1897,  1  secured  from  my  friend, 
Professor  Eric  Doolittle  of  the  Flower  Observatory  a 
set  of  notes  which  he  took  on  a  course  of  lectures  on  I  lie 
sun's  heat,  given  at  Chicago  in  the  summer  of  L895;  and 
in  supplying  the  lost  lectures  developed  the  theory  of  the 
heat  given  out  by  the  condensation  of  a  heterog' 
sphere.  I  then  recognized  for  the  first  time  the  full  signifi- 
cance of  some  computations  which  I'rofessor  Doolitti.k 
had  made  for  me  in  the  summer  of  1895.  He  showed  that 
in  the  condensation  of  the  solar  nebula  from  infinite  ex- 
pansion  very  little  energy  had  been  generated  by  the  con- 
tracting mass  until  it  reached  very  small  dimensions.  Thus 
on  the   hypothesis   of  homogeneii  wed  that   the 

heat  produced  before  the  solar  nebula  came  within  tin'  orbil 
of  Mercury,  was  only  our  eighty-third  part  of  the  total 
heat  generated  up  to  the  present  time ;  and  as  this  indicated 
a  rapid  increase  in  the  development  oi  heal  lor  a  given 
shrinkage  of  radius,  when  the  radius  is  small,  1  set  tor 
myself  the  problem  to  determine  h.o\i    bl  on    of 

heat  varies  with  the  radius  of  the  condensing  mass.  Fol- 
lowing the  method  of  Helmholtz  it  is  easj  to  show  thai 
if  H represent  the  total  amount  of  heal  generated  by  the 


mass  in  condensing  from  infinite  expansion,  R  its  radius, 
and  C  a  certain  constant,  we  shall  have 

'"'  _.£ 

dR  R1 

From  this  equation  it  was  plain  that  the  production  of  heat 
would  become  a  maximum  when  I!  had  attained  the  .-:. 
value  consistent  with  the  laws  of  gaseous  constitution.  The 
next   step  was  to  prove  the  temperature  law.     Though  dis- 
covered at  first  by  a  less  direct  process,  it  will  be  foir 
low  by  an  application  of  the  most  elementary  principles. 
The  simplicity  of  the  temperature  law' was  St 
excite    astonishment.     On    applying    it  to  the  lea 
drew  at  once  the  body  of  the  conclusions  indicated  below. 
The   results  were  so  startling  that  I  hesitate,;  to  announce 
the  law:   besides,  it  was  deemed  d<  ascertain  if 

any  work  on  similar  questions  hail  been  done  by  previous 
investigators.  Accordingly,  1  referred  the  question  of 
a  law  connecting   the  ten  perature  of  a  with 

lius  to  some  fifteen  of  tl  languished  astron- 

omers in  the  United  3  thout  getting  much  additional 

light  on  the  subject;    and  on  .lul\    I.  senl  a  similar  inquiry 
to  an  illustrious  English  friend,  who  of  all  men  would  pre-' 
sumably  know  of  such  a  law  if  any  had  been  dis<  i 
by  previous    investigators.      In  his  reply,  dated  Angus-    [2, 
IS'. IS,  this  classic  ant  hoi  it  \   sa\  s  :    "The  only  investigation 
which  1  can  remember  which  goes  mathematically  inti 
ilar  questions-     though  whether   such   a  law   is   del 
-t  ated  T  do  ]  is  the  series  of  pap, 

intervals  by  Rn  n  n.  about  ten  years  ago  in    ll 
Anndlen." 

As  the  gentlemen  consulted  incldded  several  meml 
the  distinguished  Board  of  Editors  of  the   Ast 
Journal,  all  of  whom  expressed  surprise  at  the  simplicity 
of  the  result  obi  lined,  further  search  for  early  work,  on  tin- 
law   of   temperature   was    deemed    Useless.      Meantii: 
illustrious  English  friend,  meditating  on  the  announci 
of  .Ink  I.  that  I  had  found  a  law  connecting  the  tempera- 
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ture  of  a  Btar  with  its  radius,  and  thai  it  Beemed  to  have 

great  significance  for  Astrophysics,  senl  a  letter  tooneof 

ditors  of  the  Astrophysical  Journal  suggesting   that 

notice  be  made  in  that  publication  of  ttiis  neglected  work 

of  Ki  i  ni:.      In  making  this  review  one  of  the  editors  found 

anil  made  known  to  me  on  December  7.  when  I  was  visiting 

the    Yerkes    (  Ibservat ory,    that     EtlTTEB    had    Stated    in    Vol. 

XII]  of  Wiedemann's  Annalen  a  result  similar  to  the  one 
1  had  recently   discovered  and  made  known  to  astronomers. 

The  theorem  is  there  derived  with  a  mass  of  other  data. 
and  stated  in  language;  after  which  tbe  author  drops  the 
matter  and  proceeds  with  other  inquiries  relative  to  atmos- 
pheres. So  far  as  can  be  learned  this  result  remained  un- 
known to  astronomers  and  astrophysicists,  and  it  will  be 
seen  from  the  above  narrative  that  Ritter's  papers  would 
have  little  chance  of  being  known  to-day  but  for  the  letter 
of  July  4  to  the  illustrious  British  authority,  which  was 
the  means  of  rescuing  those  writings  from  astronomical 
oblivion.  These  successive  events  explain  the  origin  of 
the  interesting  papers  now  appearing  in  the  Astrophysical 
Journal. 

In  1S<><)  Mr.  J.  Homer  Lane  of  Washington  discussed 
the  theory  of  the  heat  of  the  sun  in  a  mathematical  paper 
which  was  read  to  the  National  Academy  of  Sciences,  and 
published  in  the  American  Journal  of  Science  for  July,  1870  ; 
and  though  he  implies  that  the  temperature  of  a  gaseous 
mass  may  rise  by  condensation,  there  is  no  formula  given, 
nor  is  there  any  specific  statement  of  a  law  of  temperature. 
This  general  result  has  gone  into  Young's  General  Astron- 
omy as  "Lane's  Law."     It  will  be  seen  that  the  law  of 

temperature      T  =  —      is  an  exact  formulation  of  what 

R 
has  passed  as  the  general  conclusion  of  Lane.  In  order  to 
ascertain  whether  anything  further  could  be  determined  re- 
garding unpublished  work  of  Lane,  I  inquired  recently  of 
Professor  Cleveland  Abbe,  only  to  find  that  he  had  made 
an  unsuccessful  search  for  Lane's  manuscripts  some  years 
ago.  Consultation  with  Professor  Newcomb  elicited  the 
information  that  he  and  Lane  had  discussed  the  heat 
of  the  sun  in  1876,  and  that  they  agreed  that  the  condens- 
ing mass  could  rise  in  temperature  and  grow  hotter.  New- 
comb  mentioned  the  matter  to  Lord  Kelvin  in  a  conversa- 
tion at  the  Smithsonian  Institution  the  same  year,  and  it 
appears  that  this  illustrious  physicist  afterwards  recognized 
the  correctness  of  the  conclusions  of  Lane  and  Newcomb. 
It  does  not  appear  that  any  of  these  gentlemen  published 
the  law  in  a  mathematical  form,  and  so  far  as  can  be  ascer- 
tained it  appeared  in  that  form  for  the  first  time  in  A.J.  453. 
The  true  historical  statement  thus  seems  to  be  : 

(1).  In  stating  the  great  principle  of  the  conservation 
of  energy,  in  a  popular  address  delivered  at  Konisberg, 
February  7,  1854,  Helmholtz  discusses  the  contraction  of 
the  sun's  mass  as  the  source  of  its  heat   (Phil.  Mag.,  1S5G). 


(2).  In  1869  Lane  goes  mathematically  into  the  theory 
of  the  gaseous  constitution  of  the  sun  in  and  implies  in  his 
discussion  that  the  temperature  may  rise;  bul  never  pub- 
lishes any  law  of  temperature.  Newcomb  and  Laki  con- 
fer aboul  this  point  in  L876,  and  the  result  is  made  known 
to  Lord   Kjelvin,  who  recognizes   the   general   conclusion 

reached  by  the  American  astronomers. 

(3).     While  occupied   with  researches  on    atmospl 
aboul  L881,  Ritteb  reaches  independently  an  exact  formu- 
lation  of  the   theorem   and  publishes  it  in  a  Physical  Jour, 
nal,  where  it  remains  unknown  to  astr mers  and  astro- 
physicists. 

(4).  On  May  6,  L898,  while  occupied  with  the  heat  of 
the  sun  and  with  the  cause  of  the  darkness  of  the  compan- 
ions of  Sirius  and  Procyon,  the  writer  discovers  the  law 
independently,  states  it  generally  as  an  exact  formula,  and 
derives  from  it  conclusions  of  a  far-reaching  character.  An 
English  friend  with  whom  he  communicated,  is  tie-  means 
of  rescuing  Ritter's  work  from  astronomical  oblivion  ;  and 
the  foregoing  history  of  this  remarkable  law  is  at  length 
brought  to  light.  If  further  information  regarding  the 
history  of  this  law  should  be  developed,  it  will  be  noted 
in  a  later  communication. 

K 
R' 

Suppose  a  gaseous  globe  of  radius  R0  and  temperature  T0 
to  be  held  in  equilibrium  by  the  pressure  and  attraction  of 
its  particles.  Let  the  gravitational  pressure  per  unit  sur- 
face be  P„.  Then  suppose  the  globe  by  loss  of  heat  to 
shrink  to  a  radius  R ;  the  pressure  per  unit  surface  will 

become     P  =  P0(-^]-      The   surface   of   the   sphere   on 

which    the    pressure    of   gravity    is    exerted   will    become 
R- 

K 

creased,  while  the  area  of  the  surface  is  decreased,  it  is 
evident  that  the   pressure   per  unit  surface  will  become 

[P]  =  [PJ  (  p°)-     But  the  density  of  the  original  mass 

(R\  V 
was  o-0,  and  hence  we  have  a-  =  ^vijrj-  By  hypothe- 
sis the  equilibrium  of  the  globe  is  maintained  by  internal 
heat  due  to  the  gravitational  shrinkage  of  the  mass.  If, 
therefore,  the  globe  was  in  equilibrium  when  the  mass  had 
a  temperature  T0,  to  remain  in  equilibrium  in  the  con- 
densed condition,  Ta  must  be  multiplied  by  -=?.  As 
TaR0  is  a  constant,  we  may  write  the  law  of  temperature 


S=  &, 


As  the  pressure   per   unit   surface   is  in- 


*-f 


(2) 


This  remarkable  formula  expresses  one  of  the  most 
fundamental  of  all  the  laws  of  Nature.  Gravitation  ap- 
plies alike  to  all  bodies,   gaseous,  liquid,  and    solid,  and 
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■whether  cold  or  hot ;  the  above  law  applies  only  to  ^ 
masses,  but  as  the  stars  and  nebulas  of  space  in  the  main 
are  assumed  to  be  of  a  gaseous  constitution,  it  has  appar- 
ently the  widest  application  in  the  actual  universe.  The 
stars  and  nebulas  are  self-luminous,  and  therefore  of  a  fluid 
and  in  general  of  a  gaseous  nature.  Since  many  of  them 
are  at  high  temperatures,  the  gaseous  condition  is  the  one 
most  generally  met  with  among  the  hodies  observed  in 
space. 

(in  i.  Temperature  of  the  Diffused  Nebulas.  The  con- 
stant K  is  always  finite,  and  hence  we  see  from  the  above 
law  of  temperature  that  when  R  is  infinite,  T  is  zero; 
thus  the  diffused  nebulas  are  near  the  temperature  oi 
or  approximately  — 273°C.  This  may  also  be  inferred 
from  other  considerations.  If  such  diffused  masses  were 
appreciably  heated  they  would  soon  cool  off;  and,  besides, 
molecules  on  their  outskirts  having  sensible  molecular  veloci- 
ties would  escape  into  interstellar  space.  How  the  li 
such  masses  is  maintained  is  not  certainly  known,  but  it  is 
probably  due  to  electric  luminescence  such  as  we  observe 
in  the  tails  of  comets,  which  also  shine  at  a  temperature 
approaching  the  absolute  zero.  We  may  therefore  suppose 
the  diffused  and  irregular  nebulas,  as  well  as  the  milky 
nebulosity  so  abundantly  scattered  over  the  sky,  to  be  in- 
tensely cold.  It  is  an  impressive  fact  that  hydrogen  and 
nebulium  are  the  only  elements  recognized  in  the  nebulas, 
and  all  other  elements  presurubly  present  are  wholly  non- 
luminous. 

(iv).      The    Temperature   of  Stars  of  the    First    I 
The  stars  of  the  first  spectral  type  are  admitted  to  be  at 
the  highest  temperatures  known.     This  is  infi 
ally  from  the  nature  of  the  light  emitted  by  these  stars, 
and  in  the  particular  case  of  Sirius,  is  proved  by  the  enor- 
mous radiation  of  that  body  compared  to  that  of  our  sun. 
Thus,  while  the  mass  of  Sirius  is  only  about  twice  that  of 
our  sun,  its  radiation  is  shown  to  be  forty  or  fifty  times  the 
greater  of  the  two  bodies.     It  follows  therefore  that  the 
Sirian  stars  are  intensely  hot.     By  the  above  law  of  tem- 
perature such   heat  can  be  developed  and  such    rad 
maintained,  only  when  the  radius  of  the  condensing  mass 
is  relatively  small.     The   Sirian   stars   have  therefore  al- 
ready shrunk  to   small  bulk,  and   I  hitherto 

current  among  astrophysicists,  that  the  Sirian  stars  are  of 
large  bulk,  and   resemble  nebulas,  can  no  Longer  1"'  sup- 
ported.    It  is  evident  thai   such  tremendous  radiation  as 
we  observe,  could  not  be  maintained  by  the  gravitational 
shrinkage  of  the  mass,  except  when   the  radius  is  small, 
and   the  force  of  gravity  correspondingly  enormous        \ 
respects  volume  therefore  as  well  as  temperatu 
stars   are  as   far  removed    Ero] 
possible;    and    an)    spertral    parallel    between    thi 
classes  of  objects  should  be  explained  in  son 
The  diffuse  nebulas  are  cold,  infinitely  ran-,  and   almost 


free    from   pressure:   the  Sirian  stars  are  into 
dense,  and  subject  to  enormous  gravitational  pressure. 

(vi.     Stars  'f  -  -cond 

class,  of  which  our  sun  is  an  example,  are  coie 
at  lower  temperatures  than  those  of  the  first  class,  a: 
question  arises  whether  their  temperatures   are  rising  or 
falling.      The  Sirian  stars  are  surrounded  by  dense  I 
gen  atmospheres,  which  produce  the  heavy  absorption  ob- 

etra.  A  the  heights  of  atmosphei 
gases  of  different  molecular  weights  under  any  given  con- 
dition are  known  to  be  inversely  as  the  molecular  weights,  it 
follows  that  when  a  star  is  so  far  condensed  that  gravity 
is  intense,  the  outer  atmosphere  ought  to  be  of  hydrogen, 
such  as  we  observe  in  the  Sirian  stars.  The  heavier  ele- 
ments in  the  Sirian  stars  are  pressed  down  by  gravity,  and 
their  spectral  lines  are  either  faint,  or  entirely  a 
Now  if  our  sun  had  already  passed  through  the  Sirian 
stage,  and  the  temperature  was  falling,  the  hydrogen  at- 
tere  which  had  been  separated  from  the  other  ele- 
ments by  the  effects  of  gravity  ought  still  to  surround  its 
globe.  As  all  the  elements  in  the  sun  are.  fairly  evenly 
lnixed,  such  heavy  vapors  as  calcium  and  iron  mixing 
freely  with  those  of  light  elements  like  hydrogen  and 
helium,  we  infer  that  our  sun  sed  through 

the  Sirian  stage  of  development.  The  lower  temperature 
of  solar  stars  thus  indicates  an  earlier  condition  than  that 
met  with  in  the  Sirian  stars. 

(vi).     Stars  of  tin-  Third  Class.     If  the  above  considera- 
tions be  valid,  it  will  follow  that  ti.  its  are  at  a 
still   earlier   stage    of   development   than    the   sola: 
Further  considerations   of   the    spectral    classification  are 
reserved  for  a  future  communication. 

(\ni.     The  Sun  will  eventually  bi  I 

lar  shrinkage  of  the  sun's  radius  will  cause  a 
in   its   temperature,  ami  when   the  body  has  reached  the 
Stage  of  Sirius  it  will  shine  with  an  intensely  blue  light, 
like  that  emitted   by  stars  of  the  first  class.      The  tempera- 
ture will   go  on    rising   till  a  small   radius  is  attained,  and 
v. hen   the  dense  mass,  intensely  hot,  becomes  in- 
capable  id'   further  shrinkage,  from    increase  of   res 
in  the  molecular  forces,  a  cooling  and  liquefaction  will 
rapidly  take  play  i         \  condition  of  darkness  thus   ; 
close   upon   a   period  of  intense  brilliancy  ;   and   hem 
darkness    of    such    bo, lies    as    the    companion-  S 

Procyon  and  Algol.     Here  the    smaller  in  the 

solar  system,  have  developed  most  rapidly. 

iviiii.      The    Earth 
Times  than  Though   the    sun's    I 

will  steadily  rise  as  its  radius  shrinks,  thi 
will  diminish  in  more  than  correspond il 
the  amount  0  ved   by  a  given  area  on  the  I 

surface  depends  on  the 

its  temperature.     Thus,  as  thi 
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tional  to  the  square  of  the  sun's  radius,  while  the  tempera 
i  me   i  i  inversely  ows  thai   the  heat 

received  bj  the  earth  will  experience  a  secular  diminution 
proportional  to  the  contraction  of  the  sun's  radius.  In 
geological  times  the  earth  was  wanner  than  at  present, 
which  in  general  accords  with  known  phenomena. 

(ix).  Present  and  Past  Temperatures  of  the  Sun.  If 
we  adopt  the  effective  temperature  of  the  sun  experimen- 
tally determined  l>y  Wilson  and  (Jh.u  i  /'////.  Trans.,  1894  i, 
which  is  about  8000°  C,  we  see  that  when  the  sun's  radius 
was  twice  as  great  as  at  present,  the  effective  temperature, 
by  the  above  law,  was  about  4000°  C;  and  when  the  radius 
had  eight  times  its  present  value,  the  temperature  was 
only  1000°  C,  which  would  not  fuse  the  more  refractory 
metals.  The  following  table  shows  the  effective  tempera- 
ture of  the  solar  nebula  when  it  extended  to  the  several 
planets : 

[Absolute  Temperature] 

Present  solar  surface     8000°   C. 

Mercury  92° 

Venus  53° 

'Earth  40° 

Mars  24° 

Jupiter  ~° 

Saturn  4° 

Urn n us  2 

Neptune  1 

The  excessively  low  temperatures  of  the  solar  surface 
when  it  reached  the  orbits  of  the  several  planets  must  ex- 
cite our  astonishment.  The  temperature  was  always  much 
below  zero,  and  the  density  of  the  mass  necessarily  very 
small. 

It  is  worthy  of  remark  that  as  the  present  density  of  the 
sun  is  about  1.4,  a  contraction  to  one-half  its  present 
radius,  which  would  give  a  temperature  of  16,000°  C,  if  the 
mass  still  remains  gaseous,  would  make  the  density  about 
11.2 ;  further  shrinkage  under  gaseous  conditions  is  hardly 
conceivable,  and  hence  it  is  probable  that  the  temperature 
of  the  Sirian  stars  is  from  10,000°  C  to  20,000°  C. 

(x).  The  Internal  Temperature  of  the  Earth.  As  the 
lunar-terrestrial  mass  was  very  cold  (  —  233°  C)  when  sepa- 
rated from  the  sun,  it  follows  that  what  heat  we  observe 
in  the  interior  of  the  globe,  must  have  arisen  from  the 
shrinkage  of  its  original  volume.  We  do  not  know  the 
diameter  of  the  nebular  earth,  but  it  is  very  unlikely  to 
have  exceeded  the  dimensions  of  the  lunar  orbit ;  and  with 
this  rough  approximation,  it  is  difficult  to  see  how  the  in- 
ternal temperature  of  the  earth  can  have  exceeded  something 
like  1000°  0.  Moreover,  it  probably  does  not  increase  after 
a  certain  depth  has  been  reached,  but  then  remains  essen- 
tially uniform  throughout  the  interior  of  the  globe.  Con- 
trary as  it  may  seem  to  old  theories  like  those  of  Laplace 
and  Poisson,  there  is  no  evidence  that  the  temperature  of  the 
earth  ever  surpassed  the  melting  point  of  lava  and  of  the 


more  refractor}    rocks.     The   retention  of  the  terrestrial 
atmosphere  is  direel  evidence  that  the  primitive  heat  was 

very  moderate.      This  result  will  have  DO  Blight  hearing  on 

the  tl riea  of  geology. 

(xi).  Temperatures  of  the  Cfreat  Planets.  As  experi- 
ments upon  the  secular  shrinkage  of  great  masses  cannot 
be  made  in  our  laboratories,  it  is  fortunate  that  the  solar 
system  offers  to  our  observation  large  as  well  as  small 
planets  of  approximately  the  same  absolute  age.  We  find 
the  smaller  planets,  such  as  the  Earth,  Venus,  Mars  and 
Mercury,  already  solid,  while  the  great  planets  Jupiter, 
Saturn,  Uranus  and  Xrjit/ini'  arc  apparently  still  gas 
if  not  actually  rising  in  temperature.  The  law  of  tempera- 
ture shows  that  if  bodies  like  .////.//./•and  Saturn  are  gaseous 
they  have  not  been  hot  in  the  past,  but  may  become  so 
hereafter.  There  is  some  spectral  indication  of  inherent 
luminosity  in  Uranus,  and  hence  all  the  great  planet 
probably  still  rising  in  temperature.  As  the  temperatures 
of  these  masses  were  originally  near  the  absolute  zero 
of  space,  we  are  not  to  think  of  them  as  cooling,  but 
rather  as  having  slowly  heated  up  ever  since  their  separa- 
tion from  the  solar  nebula.  The  inferences  of  Kant. 
Zollnek  and  Pkoctor,  as  well  as  the  original  assumption 
of  Laplace,  are  wholly  unauthorized.  It  is  possible,  and 
perhaps  even  probable,  that  some  of  the  great  planets, 
especially  Jupiter,  may  eventually  become  self-luminous. 

The  excessively  low  temperatures  given  in  the  foregoing 
table  show  that  the  matter  which  formed  the  planets  must 
have  been  essentially  solid  when  these  bodies  were  sepa- 
rated from  the  solar  mass.  If  on  the  one  hand  these  con- 
siderations indicate  how  little  is  known  of  the  real  process 
involved  in  the  formation  of  our  planetary  system,  they 
point  the  way,  on  the  other,  to  lines  of  inquiry  which  future 
investigators  should  follow. 

(xn).  Conclusions.  It  is  somewhat  remarkable  that 
while  the  law  of  gravitation  causes  bodies  to  describe 
conic  sections,  the  law  of  temperature  for  every  gaseous 
body  is  represented  by  a  rectangular  hyperbola  referred  to 
its  asymptotes,  and  thus  by  a  particular  curve  of  the  same 

general   species.     The    law      T  =  —     apparently  has  the 

widest  significance,  and  should  be  taken  account  of  in  future 
researches  on  the  temperatures  and  relative  ages  of  the 
stars.  The  interpretation  of  spectral  phenomena  should 
at  least  conform  to  the  more  fundamental  laws  of  gravita- 
tion and  of  temperature.  Iu  view  of  the  undoubted  high 
temperature  of  the  Sirian  stars,  it  is  not  possible  to  deny 
that  theyr  are  shrunk  to  small  bulk.  Nothing  could  be 
more  unwarranted  than  to  connect  such  hot  objects  with 
the  cold  nebulas  which  shine  by  some  process  of  electric 
luminescence.  The  nature  of  the  temperature-curve  leads 
one  to  think  that  the  cooling  stage  of  a  star's  life  will  be 
very  short  —  approximately  the  time  required  for  such  a 
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hot  globe  to  cool,  when  the  source  of  heat  is  removed  and 
the  mass  is  allowed  to  radiate  without  shrinking — which 
is  to  be  reckoned  at  most  in  decades  or  centuries  rather 
than  in  millions  of  years. 

In  view  of  the  diversity  of  opinion  already  held  by  dis- 
tinguished astronomers,  and    the  indifference  with  which 
Cambridge,  Mass.,  1899  January  22. 


new  theories  are  usually  received,  it  will  1  •  A  that 

the  suggestions  here  thrown  out  have  not  been  made  from 
any  mere  love  of  novelty.     It  is  hoped  tl 

made  in  a  future  paper  towards  reconciling  b 
il  phenomena  with  the  fundamental  law 
ture. 
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(306  i 
25.52    |    +   5     5.1 

207     Eedda. 
34.36       +   2  19.6 


9  7  45J '1 
9  l  19.82 
9    3  36.81 


9     2  25.29 
9   15  23.29 


+  19  9  51.8 
+19  30  54.4 
+19  35   L5.8 


0.527 

9.185 

«9.315 

0.547 

+22 


44.0  I     9.44  1 


(16)  Psyche. 

+  2  33.90       +  0  18.9 

+  1  14.86    !  +  1  43.8 

+  0  28.77       +  5  22.0 


-  1  34.69 
-2  5.18 
+2   L3.23 

-0  13.61 


Comet  i  1898. 

-  5  20.6 

+    7    12.7 

-  2  54.8 

-  8     5.6 


17  25  56.59 

17  30  37.69 

17    11  54.01 

17    II  55.69 


Comet  i  I : 
-1   24.37       -10  21.1       17  26     6.91 
-1   57.61    '   -1-  3     8.2      17  30  45.26 


+22  45  L0.9 
+2C  26  30.4 
+  11  24  25.0 

+  12  39 


+22  40  10.4 
+20  22  25.9 


9.623 


9.671 
9.672 


+16  is  38.8  |     9.368  |  0.604  |  F 


1  1  33  34.62 

-  L0  38    13.1 

0.841 

V 

1  1  30  33.42 

-10  24  25.2 

- 

• 

1 

11  29    17.:;:; 

-10  20  47.(1 

-  si  ; 

0.841 

F 

0.693     YV 
0.727     W 

0.714      W 


•  \  i: 

0.731 


Mean   Places  for  1897.0  and  1898.0  of  Comparison-Stars. 


* 

a 

Red.  to 
app.  place 

8 

Rod.  to 
ai>j>.  place 

Authority 

l-.'T 
1 

b 

4 

33m2L7  7 

+  18  54 

53.9 

\ 

2 

4 

1  1    12.11' 

+5.66 

+18  59 

9.5 

+  17.0 

Auwers,  Berlin  A.<J.  Catal.  1139 

i-- 
3 

7 

22  37.4:1 

+  1.94 

+60  40 

18  2 

+   2.3 

Krueger,  Helsingfo 

5107 

4 

9 

8  43.27 

+  2.05 

1-19     8 

57.4 

9  l 

Auwers,  Berlin  A.G.  3733 

5 

9 

3  48. 9  1 

+  2.00 

+  10  26 

0.8 

9.2 

Auwers,  Berlin  A.G.  3695 

6 

9 

3    17.88 

+2.93 

+16  13 

13.2 

-  9.5 

Auwers,  Berlin  A.G.  3696 

7 

9 

L5  54.59 

+3.06 

+  22  23 

34.2 

9.8 

Berlin   LG.  3732 

8 

14 

30  57.35 

+3.37 

-10  38 

13.6 

-18.4 

Munich  II.  5377 

9 

14 

29  15.17 

+3.39 

-10  25 

50.5 

1  8.5 

■  run  51  7  1 

10 

17 

27  29.49 

+  1.70 

+22  50 

26.4 

+  5.1 

•     6014 

11 

17 

32   10.98 

+1.89 

+20  10 

12.5 

-   5  2 

Becker,  Berlin  A.G.  6043 

12 

17 

39  38.69 

+  2.00 

+  14  27 

15.3 

+   4.5 

, 

13 

17 

45     7.14 

+  2-16 

+  12    17 

10.2 

+  4.6 

irup6409 

'Alice  Everett. 
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OBSERVATIONS   OF   COMET   /    L898   {Qbabi  >. 

M  \  nl     will 12    ACT)  36    [NOB    BEFBACT0R8  01     I  UK    MOB    OBBEBVATOBY, 

Bl    E.   I  .   '  ODDINGTON. 


No. 

#- 

-* 

#'8a 

pparenl 

8 

log  »A 

1893  Mi.  Hamilton  M.  1. 

* 

( ' p. 

la 

>8 

a 

fi.ru 

forS 

Dec.    2 

h        in       s 

II  21   20 

1 

8,    8 

+  (>'"   9.40 

-1  31.8 

b       m      • 

10  34  27.87 

+  24   25  37.4 

n9.594 

0.473 

7 

13     5  13 

3 

8,    8 

+  0  38.90 

-2     7.:. 

lo   19.84 

24  58  32.9 

//.i. 07.". 

O..-.0L' 

I;;   13  54 

I 

8  ,    8 

_0     6.03 

-7  33.5 

40  51.72 

24  58  44.8 

nd.636 

0.500 

8 

13     1   59 

5 

8  ,    8 

+  0  35.25 

+  1     3.9 

li'     3.05 

25     5   12.6 

,,'.1.070 

0.562 

9 

L5     11 5 

6 

8  ,    8 

+  0  16.03 

+  2   17.0 

i:;  20.80 

25  13   15.7 

,,0.170 

0.374 

10 

13    3  45 

8 

6,  LO 

-0     1.83 

+  1  39.7 

44  25.13 

25  20  31.0 

,,0.071 

0.548 

10 

1  l  42  23 

8 

10  ,    8 

+  0     3.22 

+  2  11.7 

14  30.18 

25  21     3.0 

»9.525 

0.400 

11 

12  57  37 

10 

10  ,  10 

+  0  30.06 

+  5   17.1 

45  34.26 

25  28     6.6 

,,0.071 

0.552 

11 

13  41   41 

11 

lo  ,  10 

-0  22.89 

-1  58.2 

15  36.49 

25  28  25.3 

»9.626 

0.485 

16 

15  30     4 

13 

8  ,    8 

-0  12.01 

-1  12.5 

51      L92 

26    9  44.0 

«9.328 

0.289 

"l 

14  36  53 

15 

8,    8 

+  0  36.66 

+  2  22.5 

10  55  49.37 

+  26  54     4.2 

,,o.  lo;; 

0.322 

Mi an  Places  foi 

•  1898.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

'     ! 

Red.  to 
app.  place 

Authority 

1 

10  34 

14.22 

+4.25 

+  24  27 

38.0 

-28.8 

12M.     Connected  with  *2 

•> 

35 

16.68 

l.-l 

24  29 

37.4 

28.9 

Becker,  Berlin  A.G.  Catal.  4078 

3 

40 

6.58 

4.36 

25     1 

10.5 

30.1 

Graham,  Cambridge  A.G.  Catal.  5487 

4 

40 

53.39 

4.36 

25     6 

48.4 

30.1 

Graham,  Cambridge  A.fi.  Catal.  5493 

5 

41 

23.42 

4.38 

25     5 

9.0 

30.3 

1 1  *.     Connected  with  >M 

6 

43 

0.37 

4.40 

25  11 

29.3 

30.6 

10".     Connected  with  ^7 

7 

40 

56.96 

4.42 

25  12 

33.9 

30.5 

Graham,  Cambridge  A.G.  Catal.  5495 

S 

44 

22.53 

4.43 

25  19 

22.3 

31.0 

10M.     Connected  with  *9 

9 

46 

20.07 

4.41 

25  17 

10.1 

31.0 

Graham,  Cambridge  A.G.  Catal.  5529 

10 

44 

59.74 

4.46 

25  22 

50.4 

31.2 

DM.+25°2307,  9".l.     Connected  with  *9 

11 

45 

54.92 

4.40 

25  30 

54.8 

31.3 

11M.     Connected  with  *12 

12 

47 

4.9S 

4.45 

25  37 

35.7 

31.4 

Graham,  Cambridge  A.G.  Catal.  5537 

13 

51 

12.31 

4.62 

26  11 

29.3 

32.8 

10s'.     Connected  Jtrith  *14 

14 

51 

41.99 

4.61 

26     7 

42.6 

32.8 

Graham.  Cambridge  A.G.  Catal.  5566 

15 

io  r>:> 

7.00 

+  4.75 

+26  52 

15.6 

-33.9 

Graham.  Cambridge  A.G.  Catal.  5587 

The  observations  of  Dec.  2  and  Dec.  16  were  made  with  the  3(i-inch  refractor;  all  others  with  the  12-inch  telescope. 
An  observation  of  Jan.  19,  1899,  compared  with  the  corrected  ephemeris  of  A.J.,  No.  453,  gives  residuals  as  follows  : 

O— C,     Ja  =  — 1».51     ,     JS  =  +1".3 


Mt.  Hamilton,  1899  Jan.  23. 


OBSERVATIONS    OF    OCCULTATIONS    OBSERVED    DURING    THE    TOTAL 
ECLIPSE   OF   THE   MOON,  DEC.  27,  1898, 

By  ORMOND   STONE. 


#Xo. 

B.D. 

MaS. 

a  app. 

8  app. 

Ingress  or 
Egress 

Greenwich  M.T. 

Notes 

23° 

1415 

9.3 

6  29  51.71 

+  23     1   56.0 

Ingress 

10   47   54.2 

23 

1416 

9.4 

29  53.23 

23     0  58.3 

Ingress 

10  48  26.9 

23 

1410 

9.4 

30  47.24 

23      1  53.5 

Ingress 

11   13  44.3 

poor 

23 

1425 

7.4 

30  37.67 

23  10    1ST, 

Ingress 

11   14  45.8 

good 

.... 

1392 

9.1 

29     3.42 

22  56   19.6 

Egress 

11   22  29.4 

good 

22 

1392 

9.4 

31     4.0  1 

23     7  31.0 

1  !IUT!->S 

11  23     3.7 

poor 

.... 

1392 

9.4 

30  58.56 

22  48  23.9 

Ingress 

11  36     9.1 

oo 

1410 

7.7 

6  31  35.15 

+  22  48     3.9 

Ingress 

11  55  29.4 

Leander  McCormick  Observatory,  University  of  Virginia,  189S  Dec.  29. 


Clouds  prevented  me  from  seeing  other  occultations. 


CONTENTS. 
The  FrxPAMENTAL  Law  of  Temperature  for  Gaseous  Celestial  Bodies,  by  T.  J.  J.  See. 
Observations  of  tiie  Satellites  of  Saturn,  by  J.  Adair  Lyon. 
Sunspot  Observations,  i;y  a.  \V.  Quimey. 

Observations  of  Minor  Planets  and  Comet  i  1898,  by  Mary  W.  Whitney  and  Caroline  E.  Furness. 
Observations  of  Comet  j  1898  (Chase),  by  E.  F.  Coddington. 
Observations  of  Occultations  Observed  during  the  Total  Eclipse  of  the  Moon,  Dec.  27.  1S9S,  by  Ormond  Stone. 


THE 


A  S  T  R  0  N  0  M  I  C  A  L    J  0  U  R  N  A  L . 

FOUNDED     BY     B.     A.     GOULD. 

No.  456. 


VOL.  XIX. 


BOSTON,     1899     PJEBRI  A  BY     20. 


NO.  •-'* 


NOTE   ON    SEE'S   ARTICLE   IX    A.J.   155, 

By  A.  S.  CHESSIN. 


Allow  ine  to  observe  with  regard  to  Dr.  See's  "  remark- 
law,  which  he  discusses  a1  length  in  the  last  m 
of  the  Jour/ml,  that  it  is  derived   by  the  author  with  a 
superb  neglect  of  the  principles  of  hydrodynamics.     The 
last  .stage   of  the  '-proof   is   especially  curious.  . 


i; 


re  the  equilibrium  is  nothing  else  thai 
tion   of  that   very   "law"  which   Dr.  >)  I  to  de- 

rive. 


NOTES   ON    VARIABLE   STARS,  —  No.  27, 


By  HENRI  M 
Change  of  Factors.  The  system  of  factors  for  the  light- 
curve  was  based,  in  Notes  No.  17  (No.  400  A.-i.\.  upon  the 
ition  of  parabolic  curves.  The  branches  of  the  light- 
curve  are  generally  much  straighter  than  of  the  parabolic 
curve;  making  the  tabulated  correction  for  curvature  too 
small  near  the  vertex  and  too  large  at  a  distance  from  it. 
Hence  it  has  been  necessary,  when  the  intervals  wei 
cessive,  or  the  factors  very  small,  to  ascertain  the  proper 
correction  for  curvature  by  other  unsatisfactory  means.  Sub- 
stituting for  the  parabolic  formula  the  following  T  =  y/'-;, 
q  being  the  new  Sesquibolic  factors,  (designated  in  the 
headings  for  the  sake  of  distinction  "S  Factors,")  and  7' 


PABKHURST. 

being  the  difference  in  ■■  of  a  magnitude,  we  have 

a  much  closer  approximation  to  the   average   curve,  and 
equal!]  a1    reduction.     The    adoption    of   the    l1 

between  th  the  si  raight 

line,  leads  to  a  modification  of  the  subtangent  principle; 
for  the   sul, tangent  is  ]\  times  the  • .,  the  sub- 

tangent  is  trisected  at  the  vertex. 

RS  Herculis.     P  I    observation   is   assun 

correspond  with  Yendell's  second  max.  (A.J.  388).     The 
minimum  is  the  mean  of  90  days  interval  of  equal  i 
tildes.     Combining  with  Yendell's  observations   [deduce 
a  provisional  period  of  220  days. 
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- 
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- 
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- 
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- 

r. 
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- 

- 
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- 
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- 

6225 
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- 
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6512 

(< 

6624 
6849 
6871 

a 

6888 
6892 
6894 
6900 
6903 
6905 
6923 


T  Herculis 
■< 

'/'  ,s',  rpentis 
I;  .  [quilae 
Vl/yrae 

l;\\  Sagittarii 
RX  Sagittarii 
S  Lyrae 
II'  Aquilae 
T  Sagittarii 
/,'  Sagittarii 
Z  Sagittarii 


Phase 


Max. 

Max. 

Max. 

.Mill. 
Max.  A 
Max.B 


M  a-- 

Max. 

Max. 

Min. 
Max. 


d  Date 
Julian       Calendar 


1462 

1627.7 

1574 

1534 

1575 

1604 

I  lis 
1380 
4584 
1 582 
1504 
1492.7 


Dec.  3 

Oct.  11 

Sept.  1 

Oct.  12 

Nov.  Ht 

May  8 

Mar.  31 

Oct.  21 

Oct.  19 

Aug.  2 

,I,;U  21 


+•15 
+16 
-25 
+61 

-10 
+19 


+  4<; 
+12 


W 


+  11      9 


Mag. 


7.8 

7.19 

9.61 

ll.s;, 
9.79 

1 1 


L0.31 
7.38 


7. .'it; 


S  Factors 


0.70  0.64    1  1 

0.91  L.39  30 

2.21  L.67  60 

L.56  1.19  31 


Remarks 


Confirms  ,-orr.  by  a  different  ••!»- 
and  different  method 

+8,  by  sine  ele.  365 
Principal  max. 
See  A.  J. :;'..:;  and  121 
Fluctuat'n;  perbapsshorl  period 

From  pros.  period  :!'JO  days 
( ilisns.  lend  to  coiilirin  period 

1.03   1.22  22     Compared  with  ele.  898 
0.62   1.85   16     Last  Interval  408  Mays 


0.96  '"..1  20 


564  I   Z  Librae. 
(Continued  hon 
Julian    Calendar      Mag. 

1423.6  May*13  11] 

111' 1.7  11  11.4] 

1450.6  June    9  11.4] 

4450.6  9  10.7]p 

4458.6  17  11.2 

1461.6  20  11.03, 

4462.6  21  H.Op 

4465.6  24  11.1.:. 

4477.6  July     6  10.7:p 

4478.6  7  11.36, 

1486.6  15  11.08 

5770   R  Herculis. 

i  421.) 
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Julian    Calendar    Mag. 

1 S96 

3711.6  May   31 

3743.6  July    2 
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:    0 
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11.19, 

10.77., 
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8.57 
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5831  SScorpii. 

(Continued  from  421.) 
1896 

4419.6  May     9    12.1 

4423.7  13  12.1 
4424.7  14  11.4 
4427.7            17    11.4 

4458.6  Juuel7    11.3 

4462.7  21  11.52. 
4465.6  24  11.47, 
4480.6  July    9    12.28, 


[ndividi  w.  Observation 
lading  Observations  by  aktiii:k  C 
6160   RT Herculis. 

•  (Continued  from  4S1. 
Julian     Calendar       Ma; 
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5887    VOphiuchi. 
;i  lontinued  from  121.) 

1427.6  May   17  7.8p 

4446.6  June    5  8.2p 
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5931   SOphiuchi. 

(Continued  from  388.) 
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4504.6  Aug.    2  11.3 

6132  R  Ophiuchi. 

(Continued  from  388.) 
1898 
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4517.6  Aug.  15 
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9.6 
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4  12.1 

5  12.382 
13  to 

1    13] 
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10.92, 
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(Continued  from  421.  > 
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1626.5  Dec.     2  7.09, 

4630.5  6  7 .32, 

1632.5  S  7.45, 

L637.5  13  7.55, 

6624    TSerpentis. 

1898 

I  151.5  Sept.  is  10.9 

1552.5  19  L0.59, 

1569.5  Oct.      6  9.92, 

1575.5  12  9.40, 

1583.5  20  9.85, 

1586.5  23  10.00, 

4595.5  Nov.    1  10.05, 

1601.5  7  10.02, 

c,s  lo   R  Aquilae. 

(Continued  from  421.) 

1 158.6  June  17  9.6 
L464.6            23  9.83, 

I  is  1.7  July  10  10.3 

I  is  1.6  13  10.88 

L506.6  Aug.    4  11.3 

4507.6  5  11.51, 

1515.6  13  11.65, 

1538.5  Sept.    5  1 1.7." 

1510.5  Sept.  16  11.42 

4560.5  27  11.16 

4570.5  Oct.     7  10.85, 


445S.6 

4464.6 

4477.6  July 

4487.6 

4590.5  Oct. 

4596.5  Nov. 

4600.5 

4601.5 

4608.5 

4614.5 


7.9p 
7.9p 
8.3p 
8.8p 
9.39, 
8.53, 
8.97; 
8.79„ 
8.23. 
8.30, 


0S71  V  I. urn,'.  —  ( ' ■  .lit.. 
Julian     Calendar     Mag. 

1606.5  Nov!  12     10.00, 

4614.5  20    10.78, 

6888   RW Sagittarii. 

(Continued  Iron.  42",.) 

II  13.7  June    2  10.4 

4478.6  July     7  10.1* 
L550.5  Sept.  17      9.5 
4570.7,  Oct.    13  9.4 
1596.5  Nov.    2  9.23 
loo;,.;,  ii      9.19 

6892   RX  Sagittarii. 

(Continued  from  125. 

1443.7  June    2  bo 

4605.5  Nov.  11     12] 
I  dates. 

1478.6  July     7    12]p 

6894  S  Lyrae. 

i,Cout. from  421.  Comp.SI 

1897 

1224.5  Oct.    26  to 
4283.5  Dec.    2  1     12.5] 
5  ilates. 

1898 

L538.6  Sept.  5  12.5] 
1573.5  Oct.  10  12.5] 
K',01.5  Nov.     7    12.5] 

6900    W  Aquilae. 

(Cont.from421.  Comp.Stars339) 


" 

4542.5 

Sept 

9 

11.6] 

6871  V  Lyrae. 

4551.5 

IS 

11.6 

(Cont.from421.  Comp. 

Stars  393) 

4569.5 

Oct. 

6 

10.85. 

17,7,o.:,  Sept.  17 

9.9 

457.!.  5 

10 

10.66 

4551.5     18 

10.20„ 

17,70.5 

16 

10.39. 

4569.5  Oct.  6 

10.01, 

L585.6 

22 

10.17 

4575.5      12 

9.66, 

4590.5 

27 

10.20, 

4583.5     20 

9.86., 

4596.5 

Nov. 

o 

10.73, 

4586.5     23 

10.07. 

4601.5 

7 

10.79, 

4596.5  Nov.  2 

10.41, 

4608.5 

14 

10.55, 

K°-  450 
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6903   TSagittarii. 

6903  TSag 

itt.—Cont. 

6903  T  Sagitt.-Cont. 

6905  l:  Sa  fitt.     I 

6923  Z  Sagitt. 

(Continued  from,  425.) 

Julian     Calendar       Mai,'. 

Julian 

Calendar       Mi. 

Julian 

Calendar      Mag. 

Julian    Calendar 

Julian    Calendar 

1698 

4443.7  June    2 
1481.6  July  10 

Mag. 

10] 
11.0 

1549.5  Sept.  L6      8.97, 
4560.5            27      8.80 
1564.5  <>t.      1       8.13 

1590.5 
t596.5 
1601.5 

Oct. 

Nov. 

L'7       7.63, 

2      7. :;:;., 
7     :.<;:;. 

1515.6 
4538.6 
1539.5 

:     12.8 

5  12.1 

6  11.66s 

1476.6 
1  180.6 
1 187.6 

16      7.92, 

4481.6            10 

ll.Op 

4.->72..-. 

9       7.74., 

6905 

/,'  Sa 

littarii. 

6923 

Z  Sag 

itt'i  ril. 

1491.6 

20      7.56, 

4495.6            24 

LO.O 

4575.5 

12       Mil 

o  itinued 

r 125 

-•ars311i 

1495.6 

24      7.62 

4507.6  Aug.    5 

10.0p 

4580.5 

17      7.:;*'/ 

1 164.6 

.1  one 

23    12.1 

1  164.6 

June-  '. 

■\ 

1500.6 

29      7.81, 

4533.6            31 

9.54, 

4583.5 

20     7.1  o; 

1465.7 

24    11.72., 

1  165.7 

■_ 

1      8.56    1506.6   A  ig. 

4539.5  Sept.    6 

9.35 

1586.5 

23       7.o^ 

1481.6 

July 

L0     12.14, 

1  170.6 

9      8  17,  1515.6 

Com  parisoi 

-Stars,  1893  1898. 

.-.887    VOp 

iiuchi. 

5830  /,'  Sc 

)rpii. 

6512    THer 

ulis. 

1    RAq 

Star           DM. 

Mag.         n 

Star 

D.\r. 

Mag. 

n 

Star              DM. 

Mag. 

n 

Star            DM. 

E     _11°4129 

7.39     12 

N 

-22  H33 

8.16 

5 

IE      r-30°3138 

5  79 

10 

c    -  ■ 

5.67     is 

K     -11°4135 

8.26       5 

S 

-21'   11  1'.) 

9.37 

o 

G     -t-30°3133 

6.74 

17 

1)     -f-6  1"!  1 

6.13     11 

L     _11°4154 

8.15       5 

U 

-22°4139 

9.89 

17 

1/    +  3oJ:;l  42 

7.26 

24 

\I>        +£ 

6.33     11 

jST     _11°4140 

8.5:;     26 

1U 

-22  II  11 

9.79 

13 

K     ■'  29  3187 

6.84 

9 

■ID     +6  1026 

6.52     1  1 

p     _11°4132 

8.93     15 

2U 

-22  llic 

9.56 

11 

I;     +30°3127 

8.23 

29 

E     +6  1023 

6.63     13 

\p     _H°4151 

9.15      3 

:\r 

-22  1117 

10.02 

2 

T    +31°3166 

8.41 

28 

•IF.     +6  1021 

6.04     12 

T     -11°4134 

9.27     13 

4<7 

-  22  Hi:. 

9.32 

3 

\V    +30°3126 

9, 1 1 

22 

M     - 

7.80     15 

2T     — 12°4508 

9.35       1 

Y 

-22°4150 

L0.64 

o 

Y     -r-30°3136 

9.75 

14 

11/      • 

7.94     L6 

U     -11°4138 

9.31     17 

2¥ 

22°4134 

10.50 

9 

Z     +30°3135 

10.55 

6 

T     -r-8°3961 

8.5  1     1  1 

\W     _11°4143 

10.82       1 

6 

.-.„:. /•     i/' 

lli.N'.l 

1 

\Z     +31°3185 

10.33 

7 

Z     - 

10.41     32 

X     -11°4139 

10.10       8 

h 

9/' '       2  Y 

11.96 

6 

2Z     +30°3139 

9.14 

13 

-l'     v 

10.64     I.". 

IX     -11°4142 

10.81       1 

i 

r.x.v     \r 

11.:..-, 

17 

3Z     +31°3171 

10.08 

6 

e     6f         V 

11.01      L9 

Z     -11°4137 

11.01 

3 

k 

4s5p      1/' 

12.06 

•  > 

/.•     1»2/     \Z 

12.36 

7 

-     -lap         V 

11.20     16 

MAXIMA   AND  MINIMA   OF 

B\   J.  A.  P 

My  observations  of  variable  stars  between  1898  June  20 
and  Aug.  26  were  made  with  the  12-inch  Brashear  refrac- 
tor of  the  Yerkes  Observatory.  I  took  this  opportunity  to 
compare  the  limit  of  vision  of  6  inches  aperture  on  the 
12-inch,  with  that  of  my  own  instrument,  a  6.2-inch  reflec- 
tor. I  found  that  (i  inches  aperture  (in  the  refractor  would 
show  stars  about  0M.2  fainter  than  the  limit  of  the  reflector. 
If  13*.0  be  assumed  as  the  limit  of  the  refractor,  my  previ- 
ous estimate  of  the  limit  of  the  reflector,  12\S,  is  exaeth 
confirmed. 

While  the  change  in  instruments  undoubtedly  afl 
the  magnitude  estimates  of  the  variables,  it  doi 
probable  that  the  times  of  maxima  and  minima  \\  ere  affected, 
except  in  one  case,  which  will  be  mentioned  in  its  proper 
place. 

I   wish  here  to  express   my  thanks   to    I'rof.  GbORGE    E. 
II  ai.k,  Director  of  the  STerk  i  Observatory,  for  his  kin 
in  allowing  me  the  use  of  the  12-inch  during  the  buj 
also  to  Prof.  E.  E.  Barnard  for  occasional  magnitude  esti- 
mates and  raicrometric  measures  of  bunt   variables  with 
the  40-inch  refractor. 

267.      V  Andromedae. 
After  the   minimum   reported   in  A.-l.  I.".  I,  this   -tar   rose 
rapidly  during  1898  February  and  March,  and  more  slowly 


LONG-PERIOD    VARIABLES, 

AKKIU'KST. 

the  first  half  of  April.  When  last  seen  in  the  evening. 
April  1.-.,  it  was  8".4.  It  was  next  seen  June  27,  at  11*. 7. 
A  comparison  with  the  curve  for  1897  would  indi 
maximum  about  April  15,  at  8*.4.  It  was  followed  with 
the  ll'-inch  during  duly  and  August,  from  11  ".7  down  to 
13". 9  August  17,  the  last  observation  before  the  mini  mum 
It  was  invisible  (below  12*.5 1  with  the  6.2-in.  reflector,  Oct. 
II.  and  rose  from  11".:.  to  10».6  from  Nov.  2  to  19.  The 
minimum  was  probably  passed  about  Sept.  1 .  at  a  little 
below  14". 

The  interval  between  my  two  observed  maxima  is  263 
days;  between  the  two  minima,  267  days.  Prof,  Bars  lrd 
measured  the  position  "l  the  m  the  neighboring 

1 1  ".5  star,  gel  I  ing 

Position-angle,  249  .1  ;  distance,  207".96. 

294.      W  C  -- ' 

\tter  the   maximum    reported   in    A. -J.  131,  this   variable' 
fell  slowly  to   a   minimum  1898  April  6.  12".0,  then 
little  more  rapidly  to  8".9  Aug.  20.     I  have  II  observations 
between  Jan.  23  and  Aug.  20.     The  intens  :'  this 

star  is  shown  by  the  faol  that  its  photographic  brightness 
V       ]  |    was  10".6,  while  its  visual  brightness  was  S".5. 
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2376.     S  Lyncxs. 

I  have  25  observations  of  this  star  betwei  d  L898  Jan.  16 
and  Oct.  5.  It  fell  steadily  from  L0".0  at  the  firsl 
ration  to  12".0  April  1.  After  this  the  6.2-inch  veA 
did  not  suffice  to  distinguish  it  from  its  companion  (12",4, 
position-angle  158  ,  distance  12".5).  Prof.  Barnard  kindly 
made  6  observations  with  the  40-inch,  finding  a  fall  from 
12\l  March  L6  to  12\8  Aprils.  After  the  minimum  it 
was  first  seen  July  6  with  the  12-inch,  a1  ll".8.  It  then 
rose  quite  rapidly  to  9*.8  Aug.  15  and  9".5  Oct.  5.  An  in- 
spection of  the  light-curve  suggests  a  minimum  rather 
fainter  than  13",  about  1898  June  1. 

Prof.  Barnard  measured  the  position  of  the  variable 
relative  to  DM.  +58°960  (Krueger,  Hels-Gotha,  Ast.  Gesell. 
Catal.)  getting  position-angle  1  2<>°.N5,  distance  [ '. »S".« >.~i 
(la  =  21>.60.,  JS  =  101*56).  The  position  of  the  vari- 
able is  therefore 


K  A.  6  32     2.77 
35  56. 17 


Decl.  +58  2  43.3      (1855) 
0  31.3      (1900) 


1315.     B  Comae. 

This  star  was  first  seen,  perhaps,  June  14,  at  1  1  ".7,  with 
the  12-iuch,  though  on  this  date  the  identification  was 
doubtful.  It  was  certainly  seen  July  5  at  11M.4,  and  then 
rose  rapidly  to  a  maximum,  about  8*. 2,  1898  Aug.  6.  The 
fall  was  then  half  as  fast  as  the  rise,  till  when  last  seen  in 
the  evening.  Sept.  2,  it  was  8*.8.  One  morning  observa- 
tion. Nov.  14,  made  it  11  ".4,  so  that  the  rapidity  of  the 
decline  had  been  checked  still  more.  I  have  9  observations 
this  season. 

4471.  T  Canum  Venaticorum. 
After  the  maximum  reported  in  A.J.  441,  the  star  fell 
slowly  from  9".l,  1898  April  14,  to  a  minimum,  11". 6,  July 
6,  then  rose  at  about  the  same  rate,  to  9M.2  at  the  last 
evening  observation,  Oct.  8.  The  star  appeared  0".3  brighter 
in  the  12-inch  than  in  the  6. 2-inch,  and,  as  the  observations 
with  the  12-inch  were  all  on  the  ascending  branch  of  the 
curve,  if  allowance  were  not  made  for  this  difference  the 
time  of  minimum  would  be  10  days  earlier. 

6100.     RVHereulis. 

This  star  has  been  followed  without  interruption  since 
the  maximum  of  1898  March  12,  reported  in  A.J.  441.  It 
fell  rapidly  from  llM.l  April  11  to  12M.6  May  7,  the  last 
observation  with  the  6.2-inch  before  minimum.  It  was  in- 
visible June  13  in  the  12-inch  and  with  20  inches  of  the 
24-inch  Ritchey  reflector ;  therefore  fainter  than  14M.  It 
was  seen  June  21  with  the  40-inch,  being  equal  to  the 
faintest  of  three  small  stars  2'  north  following.  Prof. 
Barnard  estimated  it  as  about  15*.  It  was  again  seen  July 
7  with  the  40-inch,  3  or  4  steps  brighter  than  the  star  men- 


tioned.  It  then  rose  very  quickly  and  was  seen  with  the 
12-inch  July  23,  at  13".6,  and  thence  followed  to  L0".9  Aug. 
24,  thi  ation  with  the  12-inch.     Tin- curve  shews 

a  minimum  within  5  daye  ol  June  24,  al  15"  or  a  little 
below.  The  following  maximum,  Sept,  28,  at  9".75,  was 
observed  with  the  6.2-inch,  the  magnitude  being  I2".2al  the 

imparison,  Nov.  19.     1  have  2  I 
the  above  mentioned  dates.    Prof.  Barnard  measured  with 
the  10-inch  the  position  of  the  variable  referred  to  tie 
est  12"  comparison  star,  as  follows: 

Po  ition-angle,  337    I.  distance,  169".60,  2  bights. 
The  interval  between  my  two  observed  minima  is  206 
days,  between  the  two  maxima.  200  days. 

6549.      W Lyrae. 

I  have  24  observations  since  the  minimum  reported  in 
A.J.  134.  The  succeeding  maximum  was  well  marked, 
1898  M  i.\  6,  al  7*.6,  followed  by  a  well  defined  minimum, 
Aug.  8,  at  llK.6.  The  intervals  between  three  succi 
minima  have  been  194  and  191  days;  between  two  maxima 
195  days. 

6894.      S  Lyrae. 

1  have  35  observations  of  this  star  between  1896  Oct.  7 
and  1898  Nov.  15.  The  variable  was  invisible  till  1896 
Dec.  23,  when  it  was  seen  at  12*.3,  and  1897  dan.  9  was 
found  at  10". 6.  No  more  observations  were  obtained  till 
May  25,  when  it  was  found  at  11M.3  on  the  descending 
branch  of  the  curve,  and  followed  to  12". 8  Sept.  22.  The 
maximum  may  have  occurred  about  1897  March  1.  The 
star  was  below  the  limit  of  the  6.2-inch  reflector  from 
1897  Sept.  22  to  1898  February.  It  was  below  12". 4  Feb. 
15.  and  seen  at  12M.0  March  2.  It  then  rose  gradually  to 
a  maximum,  10". 3,  about  1898  May  6,  and  fell  slowly  to 
12".8  when  last  seen,  Nov.  1.  The  first  maximum  was  not 
well  determined,  but  the  intervals  between  corresponding 
points  in  the  curves  give  427  days  as  an  approximation  to 
the  period.  The  nearest  stars  for  identification  are,  12  ".8 
foil.  2s ;     11*.9  foil.  58,  1'.3  S  ;     11". 9  foil.  9s,  0'.6  S. 

6899.      U  Draco n  is. 

In  continuation  of  the  observations  reported  in  A.J.  433 
I  have  followed  this  star  continuously  since  1898  Jan.  4. 
It  fell  slowly  from  9". 9  at  the  first  comparison,  to  a  mini- 
mum, 12". 7,  May  16,  then  rose  a  little  more  rapidly  to  a 
maximum,  9".0,  Oct.  10,  then  fell  to  9". 6  at  the  last  com- 
parison, Nov.  16.  I  have  30  observations  in  all.  Stars  for 
identification  are:  10".6  pr.  14s,  1'.4  N;  11".9  foil.  14', 
1'.3  S  ;  12".0  pr.  34',  2'.4  N  ;  12».6  pr.  18",  0'.4  S.  (In  the 
place  of  this  star  given  in  A.J.  433,  for  Decl.  +67°  2'  4" 
read     +67°  2'.4.) 
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7379.     ST  Cygnl 

I  have  25  observations  of  this  star  betwei  n  L898  Jan.  26 
and  Nov.  1.     Ii  was  first  certainlj  seen   Feb.  15,  al    12*.7, 
and  rose  steadily  to  a  maximum,  9".5,  June  1<'>.  or  po 
10  days  earlier,  for  the  curve  was  quite  flat  near  maximum. 
The  fall  was  more  rapid  than  the  ri  L2M.8  a1  the 

last  observation.     The  positions  of  the  following  compari- 
son stars  from  the  variable  were  cavefullj  e  fcimated 
the  12-inch,  power  275  :     12M.6  foil.  2  .  I  '.8  N  ;   1  2M.8  pr.  5", 

Marengo,  III.,  1898  Aroc.  20. 


I'.l  N  ;   L3".0  pr.  ll.ro>:   L3«.3  ,„,  .v.  2'.0  N  :   I 
7.1    ON;    1  1».0  pr.  9*,  O'.l  X. 


8324.      V 

M  \  watch  on  this  star  has  been  continuous,  ai 
i in  reported  in  A.J.  134  I  have  27 
tween   L898   March    l   and   Nov.  19,  yielding  a  maximum, 
7\7,  May  I,  and  a  minimum,   12".2,  \-    26       I 
ats  i In-  usual  feal ures,  and  thi 
rats  I   i.J.  358)  is    •  .  the  maximum  ai 

minimum. 


m:\v  variable 

(1855.0     21h  3'" 
By  E.   E. 

On  Nov.  7,  1898,  I  was  unable  to  find  any  star  near  the 
place  of  this  object  that  would  answer  to  the  magnitude 
assigned  it  in  S.DM.,  9". 8.  A  star  of  IIP'  or  12"  seemed 
to  occupy  its  place  and  upon  measurement  was  found  to  be 
closely  in  the  position  of  the  star  sought.  It  was  at  once 
concluded  the  star  must  be  variable,  and  later  observations 
have  fully  confirmed  its  variability.  At  the  observations 
on  Nov.  7,  the  star  must  have  been  near  its  minimum,  for 
it  has  since  risen  at  least  two  magnitudes.  The  period  is 
probably  a  long  one.  Sickness  has  prevented  any  observa- 
tions of  it  for  some  time. 

On  Nov.  7,  it  was  micrometrically  compared  with  S.DM. 
4°o;;so\  of  9M.7  : 


STAR   (S.DM.  1  5381), 

■11.-     —4° 37'. 4; 

BARNARD. 
photographs  take;,    al  B       ard  College  Obsi 

since  1890,  and  which   I  have  received  since  writing  the 
foregoing  portion  of  this  note.     This  gives  an  . 
plete  record  of  the  lighl  of  the   star  durii  . 

/lit    yars  and  up  to  within   five  days  of  the  t: 
its  discovery.     I  append  the  list  of  measures  which  I 
kindly  had  made  for  me.     Professor  I'm  m  bing  says  these 
measures    seem    to    show  that    the  star's  period    i- 
150  days. 


ta  =  0  54.4   =  0  3.64     il  setting  of  wires) 
IS   =  4  28.2  (1  setting  of  wires) 

The  variable  being  north  following. 

Three  other  small  stars  were  at  the  same  time  compared 
with  5380;  these  I  will  call  6,  c,  </.  and  as  thej  maj  I"1 
useful  hereafter,  I  will  give  the  measures  i 

b,  12"      ,      /«   -    1     5*97(2)  IS  =   1   52*15(2) 

c,  13        ,     ./«   =   1  58.38  (2)         /IS  =  2  39.28 

</,     11.8     ,      la  =  2  35.38  (-1  IS        0  35.37  (2) 

All  three  stars  follow  o.'JSO,  and  are  north  of  it.  What 
was  supposed  to  be  a  nebula  was  also  measured  : 

da  =  1'  29".01  (2)         .IS  =  2'  53".31  (1) 
north  following  5380.     This  was  afterwards  found  to  be 
two  small  stars  close  together. 

On  Nov.  7,  the  variable  and  d  were  exactly  equal.  By 
Nov.  15,  it  had  gained  aboui  .'".  On  Nov.  23,  it  was  about 
0M.2  less  than  5380.  [t  had  still  slowly  brightened  up  to 
Dec.  8,  when  it  was  about  (.i".7.  but  still  slightly  less  than 
5380. 

I  am  under  the  greatest  obligation  to   Professor  E.  C, 
PiCKEUiNo.  who  lias  kindly  supplied    me   with   measures  of 
the  photographic  magnitudes  of  this  star  obtained  from  the 
Williams  Hay,    Wis.,   isns  /),,-.  ■_'(',. 


Photogk  m'h 

l>;,!.' 

L890  June  27 
L891   May  21 


C    Mai.mii  m  v 


.,.. 


■■     Sept.  2 

•■     (  >ct.  2 

••      Nov.  2 

1892  April  Ii 


••     Sept.   '_• 

••      26 

"     Oct.     (J 

-11 

1893  July  20 

•■'  2:; 
■■  An-.  I 
«  ••  30 
•■  Sept.]:; 
■  1  »ct.  ."» 
«       ..       7 

«       •■     :;i 
L894  May  21 

••     Si 
L895  dune    s 


<ll.s 

10.20 
L0.46 

<10.8 

<l(l.S 
lo. 71 

<10.4 

<10.4 

<11.1 
10.93 

<11.5 
1  I  58 

<11.8 
11.46? 

<11.6 
111:. 
10.93 
10., V.I 
L0.28 
lo.o:; 
10.64 
L0.54 

<10.8 
L0.88 


is'.i.-.  Sept. 


1896  May  22 

•■      \ 

"  Ocl  : 
"  ••  '.1 
••     \ 

1897  Sept.  1  l 

••     1.-, 

••  Met.  1".I 
■•        \ 

L898   I 

Sept.   5 

« 

••      6 

6 

«        ..      e 

(<        . .       9 

•  ■  1:: 
u        ..    29 

u      1  1 

•■    \ 


Hag. 
<11.4 

<  9.4 

<11.8 
10.38 
10.64 
10.81 
11.66 
11.11 
11.40 

10.36 
<12  1 
<11.6 
<11.1 
<10.9 
<11.3 
<12.1 
<11.6 
<10.8 

11.02? 

11.84 

11.84 


Mr.  .1.  A,  Parkhi  R8T  has  sent  me  his  observati 

this  star  which  he  kindly  made  at  my  request,  as  f. 


1  sos  Dei 

7 
V 
1.1 
17 


lo.  1 
1  OL- 
IO.2 
L0.3 
10.2 


L898  Deo.  22 

H',2 

2  s 

10.0 

L899Jan.   2 

10.1 

7 

1  1 

'.'  s 
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OBSERVATIONS   OF   COMETS^  L898    AND    i  L898, 

MADE  WITH     I  ill.    L8-1NCH    I  ','1    ITOBIAL  01      I  in.    PL0WEB  01ISEBVAT0BY,    UNIVEB8IT1    01     PENW8YLVAJHA, 

Bi    m:\KV   B.  EV  \\>. 


1898  Greenwich  M.T. 

* 

( lomp. 

i        1 
la                    /8 

'Kilt 

1          8 

log  pA 

for  a       |     for  S 

Comet  /  L898. 

Sept.  21 

27 

Oct.    1- 

12 

h      m      » 

20  IS 

L'ii  34  59 

21  21   17 

21   21    17 

1 

3 

1 

1 

8 
1  .  5 

5.7 

Ill          8 

+  l     6.58 

-3   L8.36 

3  53.77 

1  L.3 
-(i   13.0 
4-5  28.8 
+  2  31.6 

....  +  6°31  8*0 
6  34  1  1.23  -till  6.9 
6  53  18.08  -  0  7  L9.5 
6  53   L8.83          0     8    0.0 

n'.t.wr, 
n9.104 

0.701 

0.717 

,0.756 

Comet  i  L898. 

Nov.     6 

7 

12  11     0 

11   .is  is 

6 
6 

7  .  8 
'7  ,8 

+  1   34.43        +1   45.5 
+  2     7.59    1    +0  25.0 

17  38  25.63     +16  20   18.7 

17  41  48.3.3      +11  27  42.0 

9.647      0.682 
9.633      0.686 

Mean   Places  for  1898.0  of  Comparison- Stars. 

* 

a 

Red.  i"                     5 
app.  place                    ° 

Red.  to                                              .     ,      . 
app.  |                                                  Autl" 

1 

6  21    15.96 

8 

+3.26 

+  6  34    L2.6 

+  6.7 

Weisse's  Bessel  No.  576 

•> 

6  33     1.30 

+3.35 

+    I    11    12.6 

+  6.3 

Boss,  Albany  A.G.  Cat.  No,  2312 

3 

6  56  32.91 

+  .3.5:; 

-  0   L3  23.2 

+  4.9 

Weisse's  Bessel  No.  1680 

1 

6  57     9.07 

+  3..-..3 

-   0  10  3C.4 

+  4.S 

Weisse's  liessel  No.  1090 

5 

17  36  49.17 

+2.03 

+16  18  58.6 

+  4.6 

Auwers,  Berlin  A.(i.  Cat.  No.  6389 

6 

17  39  38.64 

+  2.10 

+  14  27  12.5 

+  4.5 

Weisse's  BesseJ  No.  7  11 

OBSERVATION   OF  ASTEROIDS. 

MADE    Willi    THE    12-INCH    EQ1    ITORIAL    OF   THE    LICK    OUSEKVATOKY, 

By  F.  E.  ROSS. 


No. 

Planet 

—  * 

Planet's 

Apparent 

logpA 

Ml.  Hamilton  M.T. 

* 

Comp. 

Ja 

J8 

1 

8 

for  a 

for  6 

(148)    Galli,. 

1898 

Aug.  L9 

b       m      s 

11     4  52 

1 

11   , 

8 

-1   52.05 

+  5  14.7 

21   49  .36.66 

-13  44 

28.8 

w8.996 

0.837 

20 

10  35  34 

2 

10  , 

8 

+  1     2.42 

+  1  50.1 

48  51.14 

-1.3  59 

43.3 

«8.192 

0.832 

24 

11  29  29 

3 

c^ , 

7 

+  4     l.ol 

-3  35.0 

45  45.05 

- 15     2 

18.4 

»8.015 

O.S45 

25 

1  1   23  59 

4 

10 

10 

+  .3  18.09 

-8  46.6 

45     0.11 

-15  17 

40.5 

»7.649 

0.846 

26 

L0  22  13 

5 

11 

10 

+  o  33.53 

+  .3     1.5 

44   10.7.3 

-15  32 

21.1 

&9.103 

0.84  1 

26 

13  39  31 

5 

11 

12 

+  0  27.25 

+  0  56.0 

44  10.45 

-  15   31 

iv,.  6 

9.438 

0.826 

30 

12     1  18 

6 

10 

10 

-0  12.55 

+  1  25.5 

41  16.85 

-It;  33 

38.6 

8.911 

0.849 

31 

9  56     9 

7 

8 

7 

+  1  34.81 

+  4     0.9 

40  38.05 

-16  47 

5.4 

&9.123 

0.849 

Sept.   4 
4 

9  37  31 

9 

8 

8 

-0     3.72 

+6  15.6 

.37  54.90 

-17  44 

32.2 

&9.128 

0.854 

14  17  29 

10 

8 

8 

+  1   2.3.79 

-6  25.1 

37  46.78 

-17  47 

19.6 

9.007. 

0.801 

9 

9  32  12 

11 

8 

8 

+  0  16.33 

+  0  36.3 

34  51.07 

-18  52 

36.0 

»8.993 

0.863 

11 

10  10  31 

12 

8 

s 

-1  13.15 

+  2  22.1 

33  45.37 

-19  18 

45.0 

7.627 

o.S07 

12 

10  23  26 

13 

S 

8 

-0  40.22 

+  8  47. S 

21  33  13.87 

-19  31 

26.2 

9.628 

O.S0S 

(19 

)  Fortuna. 

Sept.  9 
11 

10     5  44 

14 

s 

8 

-0  10.39 

+  3  49.9 

1     6  46.79 

+   8  28 

51.7 

ra9.595 

o.oso 

11   23  49 

14 

8 

8 

-1     3.63 

-2  49.0 

5  53.60 

+   S  22 

12.5 

B9.425 

0.047 

19 

14     1  56 

15 

8 

8 

-  0     5.58 

-1  18.3 

1  18.15 

+    7  48 

54.2 

9.070 

0.640 

19 

14  19     8 

16 

8 

8 

-0  11.25 

+  2  33.5 

1  17.46 

+    7  48 

3.5 

9.186 

0.642 

20 

15  25  33 

17 

8 

8 

+  0  25.40 

-4  49  8 

1     0  35.23 

+   7  42 

49.1 

9  451 

0.756 

28 

11     7  28 

18 

8 

8 

-0  50.58 

+  3  26.3 

0  54  44.4.3 

+   6  59 

10.5 

&9.188 

0.655 

Oct.     3 

10  31  58 

20 

8 

8 

+0  32.13 

+  9  40.0 

50  38.78 

+   6  28 

14.0 

»9.243 

0.000 

12 

8  30  24 

21 

8 

8 

+  2  18.25 

-1  47.4 

0  43  12.58 

+   5  30 

30.4 

n9.495 

0.682 

18 

98  (DB). 

Nov.  12 

10  32  32 

22 

8 

8 

+  2  48.28 

-3  46.9 

23  34  15.42 

-16  39 

59.5 

9.470 

0.828 

13 

9  41'   11' 

23 

9 

8 

-0  34.29 

+  2  13.6 

34  55.17 

-16  41 

55.3 

9.320 

0.842 

18 

7  24  37 

27 

8 

,    9 

-0     0.07 

+  6  35.4 

38  39.94 

-16  46 

50.7 

&8.652 

0.853 

Dec.     1 

7  22  12 

28 

8 

,  10 

-0  30.61 

+  2  18.4 

51   15.32 

-16  24 

14.0 

8.509 

0.852 

•_> 

6  21     5 

30 

10 

,    9 

-6     6.63 

+  1     1.8 

23  52  19.25 

-16  20 

48.2 

hS.963 

0.849 

N°-  456 
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3fe««   Places  for  1898.0  of  Comparison- Stars. 


* 

lied,  to 

d 

Red.  to 

a 

app.  place 

app.  place 

Authority 

1 

h      n 
21    51 

24.16 

+  4*55 

-13 

511 

5.5 

+  22*0 

Bi     el,  211 1  16 

2 

21  47 

14.13 

+4.59 

-14 

1 

55.2 

+  2  l.S 

American  Ephemeris 

3 

21  41 

36.43 

+4.61 

-1  1 

50 

4.8 

+  21.4 

j  (Munich  1  201.S1  +  Weiss's  Aig.  21638) 

4 

21  41 

37.40 

+4.62 

-15 

0 

15.3 

+21.4 

jelander  21639 

5 

21   43 

38.56 

+  4.(14 

—15 

35 

44.2 

+21.6 

.1  (Munich  1  29572  +  Weisse's  Bess* 

6 

21  41 

24.70 

+  4.71 

-16 

35 

25.1 

+  21.1 

Luwei   '    l   ind    I 

7 

21   38 

58.54 

+  4.70 

-16 

51 

27.:; 

+  21.0 

iared  with  ^<s 

8 

21  39 

5.74 

+4.70 

-16 

.-.o 

37.9 

1  21.0 

Munich  1  1  1942 

9 

21  37 

53.92 

+4.70 

-17 

51 

S.I 

+20.6 

I  Munich  29289  1- Weiss's  Arg.  169 

10 

21  36 

18.29 

+  4.70 

-17 

11 

15.0 

+  20.5 

...  002 

11 

21  34 

30.61 

+4.73 

-IS 

.'<:; 

32.5 

+  20.2 

Cordoba  Gi                  1658 

12 

21  34 

53.7S 

+  4.74 

-19 

21 

27.1 

+  20.0 

Cat.  29662 

13 

21  33 

49.35 

+  4.74 

-19 

in 

33.8 

+  19.8 

Weis  '     \:  ■■  i  mder  icon; 

14 

1     6 

52. 88 

<  +4.30 
j  +4.35 

+  8 

21 

34.7 

(  +27.1 
\  +27.1 

Weisse's  Bessel  1  ■'>'■'■ 

15 

1     1 

19.29 

+  4.44 

+   7 

48 

r>ri.~> 

+28.3 

'  (Glasgow  270+ Paris  1  128+Yarnall  584) 

16 

1     1 

24.27 

+  4.44 

+   7 

45 

l.S 

+28.3 

\     i  lander  +7°168 

17 

1     0 

5.37 

+  4.46 

+    7 

47 

10.5 

+28.4 

1394 

18 

0  r,r, 

30.45 

+  4.56 

+  6 

~,r, 

1  1.0 

+  20.3 

DM. +  6  1  13;  compared  with  *19 

19 

0  55 

12.75 

+  4.56 

+  6 

IS 

11.0 

+  20,-. 

Paris  1501 

20 

ii  50 

2.0  7 

+  4.58 

+  6 

IS 

1.5 

+  20.5 

Paris  1107 

21 

0  4(> 

49.71 

+4.62 

+   5 

31 

47.7 

+30.1 

Wei    e'    Be  ■•■'  0"666 

22 

23  31 

22.77 

+  1.37 

-16 

36 

35.7 

+23.1 

\\  ei    '  i   \  rgelander  L802  1 

23 

23  35 

25.38 

+  4.38 

-16 

1  1 

32.0 

+  25.1 

1 1 "  compared  with  *24 

24 

23  36 

48.52 

+4.38 

-16 

49 

50.7 

+23.1 

DM.     17  0700;  compared  with  s|e's  25  and  26 

25 

23  43 

25.44 

-16 

50 

10.4 

Weiss's  A  rgelander  181J  6 

26 

23  43 

51.50 

-16 

10 

39.8 

Weiss's  A  rgelander  18 1 20 

27 

23  38 

35.65 

+4.36 

-16 

53 

10.0 

+  22.0 

DM.      17  6806;  compared  with  *' 

28 

23  51 

41.67 

+  1.26 

-16 

20 

54.4 

+  22.0 

lo". 5 apared  with  ^29 

29 

2:;  53 

6.18 

+  4.26 

-16 

2  1 

51.1 

+  22.0 

Weiss's  Argelander  L8190 

30 

23  52 

21.63 

+  4.25 

-16 

22 

11.9 

+  21.9 

( Jompared  wit  h  ^c20 

Mount  Hamilton,  1898  December  Hi. 


ELEMENTS   OF 


Bi    HEBEB    1>. 


From  twenty-four  observation  by  C.  I>.  Perrini 
two  by  J.  Ciscato  and  \.  ^toniazzi,  the  followin 
mal  places  were  formed  : 


1S08.0  G.M.T. 

March  22.0 

A  |  nil  28.0 
June  I'd  i 
July     19.0 


21  25  IS. 17 

0  18  1.07 

5  ::i  35.99 

5  5  1  7.55 


+  18    10  2S.2 

+  49   13  17.1 

I  56    17  15.0 

+  53  51  34.1 


From  these  the  following  elements  were  computed: 
Epoch,  March  20.0,  L898.0  G  Ml 
.1/  = 


a 


o     ii  25.4 

17   is  20.2 

202    20  5.0 

72   51  55.S 

78   20  56.2 


I  SOS. 1 1 


COMET  b  L898, 

CUE  I  [S. 

L.736718 

•    -    o. H50  150 

-    9.991191 

,.     -    O.OIIO20 

.  1898  March  17.1 1895,  <i  M.T. 
Period,  102.789  • 


C- 

•' 

l.\ 

= 

!  0.2 

= 

IX" 

= 

mi 

= 

-1.4 

Const  \n  ra  i  or   i  he   Eqi  \  ros  bi 
.-■  = 

y  =   r[9.999996]  sin(292    I.".   17  ! 
•    =   ,o.o757o5]  sin  (  22  38  46.1 
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OBSERVATIONS  OF    EROS, 

MADE     \  l     I  ill.    U.S.  NAVAL  OBSERVATORY,    WASHINGTON,    D.C., 

Bi    Prof.  STIMSOH  J.   BROW  S,  LT.S.N. 
[Communicated  by  Prof.  \\'\i.  Habkness,   U.S.N.,  Astronomical  Director.] 


No. 

Plane 

—  * 

Planet's 

Apparent 

log  /•.} 

Washing!  in  m.  i 

* 

J„ 

Jo 

". 

8 

for  a 

Sept.  1  1 
12 

1 

8  .  5 

+  o'"l  L96 

2   10.4 

ll          111          B 

20    13  37.98 

6  20 

0.7962 

8    I  l.o 

•  > 

8  .  5 

-0     1.61 

+2  45.74 

I'd   12    15.65 

6  20    17. s 

&8.8313 

0.7956 

13 

'.i   L5.6 

3 

8  .  5 

+  <>  33.25 

-0     8.12 

20    11   53.16 

6  21     0.1 

8.0831 

0.7981 

*Nov.  11 

s   10.2 

l 

8  .  1 

-0  26.38 

+  1   39.55 

21   12   1  1.37 

I   32.7 

9.4977 

0.7687 

20 

6  22.8 

5 

8  .  5 

+  0     6.55 

+  4  31.04 

21   27     7.11 

-3     7   18.3 

9.0558 

0.7695 

Dec.      1 

6     5.4 

6 

8  .  5 

+o    .-..c,:; 

+  :;  59.46 

21    16  58.26 

-141    25  1 

9.0868 

11.77,7:; 

6  25.7 

7 

12  .  6 

+2  15.61 

•  ii  30.30 

21   :.l    16.37 

-1     5  7,7.1 

9.3255 

n.77,17, 

'.i 

6    17.1 

8 

1  2  ,  5 

-0  41.29 

-2  36.22 

22     2  48.81 

ii  28  18.2 

9.3615 

0.7462 

■ 

6  13.5 

9 

1  5  ,  ■'< 

-1     9.85 

_0  43.63 

22  32  39.60 

+  1   59     8.1 

9.3325 

0.7252 

Jan.      1 

6  11.1' 

in 

1 5  .  5 

-0  53.41 

-2  49.56 

22  53   18.13 

+  3  46  1  1.1 

9.3749 

0.7097 

•^ 

6  30.2 

1  1 

8  .  5 

-0  18.28 

+  4   15.70 

22  r,r,   tl.62 

+  :;  58  54.3 

9.4327 

0.7097 

The  following  corrections  have  been  applied  to  reduce  the  apparent  declination  to  the  epoch  of  the  observed  ri^ht-aseension 


Nov.  11 

—1.0       for 

—  4.0 

20 

—0.41       " 

—   1.5 

Dec.     5 

—6.95     " 

—  18.3 

I 9        +  9.46    for    4-23.2 

23        —  5.62     "      —11.8 
.Ian.      1         —H.2'2      "      —15.3 


*Tbe  declination  may  be  one  revolution  of   micrometer  farther   south  — 4C  4'  42". 7,  owing   to  wrong  reading  of   revolution  scale, 
the  recorded  revolution  at  the  beginning  and  end  of  the  declination  measures  differing  one  revolution. 

Mean  Places  for  1S98.0  and  1899.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

s 

Ked.  to 
app.  place 

Authority 

1 

h       ni       8 

20  43  18.70 

+  4.:;2 

-6  18  43.2 

+  18.1 

Munich  II,  10842,  Wash.  T.U.  4  observations 

•) 

20  41'  45.92 

+-4.34 

-6  23  51.6 

+  18.1 

"              10832,           "          4 

3 

20  41  15.62 

+4.29 

-6  21     9.9 

+  17.9 

Bessel  20h997,                 "          3          " 

1 

21    13     7.16 

+3.59 

_4     6  31.4 

+  20.1 

Ll.  41356,                        "          3          " 

5 

21   26  57.31 

+3.55 
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SOME    POINTS    RELATING    TO    THE   SOLAE    MOTION    AND    THE    Mi: AN 
PARALLAX    OP    STARS    OP    DIFFERENT    ORDERS    OF    MAGNITUDE, 

By  si.MoX    CTEWCOMB. 


In  this  Journal,  Vol.  XVII,  p.  41.   1  published  a   papei 

"On  the  Solar  Motion  as  a  Gauge  of  Stellar  Distances." 
Soon  after  it  appeared  I  learned  that  its  methods  were  not 
new,  Kapteyn  having  treated  the  subject  from  the  same 
point  of  view  in  a  communication  to  the  Amsterdam 
Academy  in  1893.  In  some  points  this  author  had  mil 
only  anticipated  the  methods  of  my  paper,  but  carried  his 
work  farther  than  I  had  contemplated  doing,  especially  in 
investigating  the  relative  proper  motions  of  stars  having 
different  types  of  spectra.  More  recently,  Astr.  Nachr.  Bd. 
14G,  S.  97,  he  has  applied  the  method  to  determining  the 
mean  parallax  of  stars  of  different  magnitudes,  as  a  pre- 
liminary datum  for  this,  deriving  the  absolute  amount  of 
the  solar  motion  from  Vogel's  observations  of  motions 
of  stars  in  the  line  of  sight.  Under  these  circumstances 
it  would  seem  still  less  necessary  that  I  should  continue 
my  unfinished  work  on  the  same  lines,  were  it  not  that 
the  subject  is  of  such  breadth  and  interest  that  it  is  not 
easily  exhausted. 

I. 
The  Absolute  Speed  of  the  Solar  Motion    Derived  from 

Observed  Parallax  of  Stars. 
It  is  quite  obvious  that  when  we  know  the  parallax  of  a 
star,  and  the  apex  of  the  solar  motion,  the  observed  proper 
motion  of  the  star  in  apical  distance  will  give  us  the  rela- 
tive linear  motion  of  the  star  and  sun  in  the  direction  of  the 
apex.  If  we  know  the  parallax  of  a  number  of  stars,  we 
may  thus  find  the  solar  motion  relative  to  the  mean  of 
those  stars.  On  proceeding  to  collect  a,  list  of  stellar 
parallaxes  for  this  purpose  I  found  Hie  number  of  derived 
parallaxes  which  we  might  fairly  consider  real  to  in-  greater 
than  I  had  anticipated,  numbering  about  seventy. 

The  following  table  gives  a  list  of  these  parallaxes  as  de- 
rived from  all  the  sources  accessible  to  the  writer  up  to 
the  present  time.  The  three  negative  ones  arc.  of  course, 
fictitious;    they  should    be    taken    as    indicating    that   the 


actual  parallax  is  insensible.     The  results  are  only  given 
to  0".01,   because    I    conceive    that  in    no    case   would   the 
thousandths  of  a  second  have  any  value.     The  weal.' 
terminations  are  marked  by  one  or  two  colons;    but 

isarily  a  wide  margin  for  judging  when  such  a  mark 
should  be  applied.  I  have  included  no  determinations 
which  there  is  reason  to  suppose  entirely  fictitious. 

The  columns  t  and  <r  contain  the  centennial  proper  mo- 
lions  resolved  in  the  directions  of  sun-way  loi 
apical  distance.     In  the  case  of  the    Bradley  -tar- 
motions  have  been  most  courteously  communicated  to  me 
by  Professor  KLapteyn,  with  permission  to  use  them, 
rest  on  Auwers's  proper  motions.     The  other  stars,  nearh 
all  stars  of  larger  proper  motion.  I    have  independent 
solved  with  the  help  of  .Mrs.  E.  Brown  Davis.     1 
position  of  the  apex  we  used 

A   =   'J77°.5     ;     D   =    +  3S° 
while  K  WTKvx  used  '_'7(i°  and  +34°.     Hence  there  is  a  lack 
of  homogeneity  in  the  results:    but  this  is  unimportant   in 
the  present  work. 

The  column  sin  X  gives  the  sine  of  the  star's  distance 
from  the  adopted  apex. 

To  derive  the  speed  of  the  solar  motion  from  these  data 
we  put  c,  this  speed,  in  terms  of  the  earth's  distance  from 
the  sun,  ami  the  year  as  units. 

Then,  each  parallax  that  we  determine  gives  an  equa- 
I  ion  oi  condition, 

V  tv  sin  A.    =    O--7-100 

A  \ital  question  now  is.  what  relative  weight  should  we 
assign  to  the  values  id'  ir  for  the  different  stars'.'  We  must 
note  that  the  probable  error  of  a   ,r   i-  onl\   slightly  that  of 

the  determination,  and  mainly  that  of  the  general  disper- 
sion of  the  absolute  proper  motions.  Other  tilings  equal, 
these    will    varj    direotlj    as    the    parallax    of    thi 

The  vali I  r,  being  independent  of  the  solar  motion,  will 

afford   us  a  rude   though    uncertain   index  to  this  quantity. 

(1) 
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When   r  i     large  the  star  certainly  has  a   large  absolute 
motion,  bul  we  cannol  assert  the  ooi  pi  as  a  weak 

presumpf  ion. 

Another  disturbing  elemenl  is  the  uncertainty  of  -  It 
the  probable  error  of  -  be  ©T,we  shall  have  a  probable 
error    Ev  v  Bin  A    to  be  combined  with  the  probable  ! 

sitlll    Of   <7. 

i:,,  ing  my  judgement  on  these  considerations,  I  have 
assigned  to  each  star  a  multiplier  h  depending  on  rami 
the  probable  error  of  v,  so  that  when  each  equation  is  mul- 
tiplied by  It.  each  equation  may  be  supposed  of  the  same 


weight.  In  general,  h  is  unity;  it  is  diminished  below 
umt\  according  to  the  amount  and  number  of  the  unfavor- 
able Factors,  r,  v  and  Err.  To  free  the  process  from  bias 
I   have  adopted  a  Bystem  of  factors,  h,  fonnd  in  the  table. 

iding  mainly  on  the  value  of  ,     or  the  linear 

motion  of  the  star  in  sun-way  Longitude,  by  the  formula 

The  factor  h  was  still  farther  diminished  when  the  par- 
allax was  uncertain  byan  important  fractii  unt. 


Parallaxes  and  Soi  \i.--W  \\    M \s  of  Stars. 


For 

L900 

Proper 

.Miii  ion 

Star 

sin ;. 

/, 

V 

wt. 

X 

B.  \. 

Deri. 

T 

(T 

ji  Cassiopeae 

h       in 

11        1 

+  .-|S.r, 

0.15 

_     2 

+  56 

0.82 

L.O 

5 

7 

Gr.  .34 

it  13 

+43.4 

.30 

+  163 

+  231 

.88 

0.9 

9 

7 

£  Tauri 

I)  14 

-65.5 

'  .06 

+169 

+  116 

.80 

0.3 

23 

2 

ji  Bydri 

ii  20 

-77.8 

.13 

+   76 

+213 

.81 

0.9 

19 

6 

,/  <  iassiopeae 

0  35 

+56.0 

.04: 

-     1 

+     .-. 

.90 

0.5 

1 

4 

,t  i iassiopeae 

ii  4:; 

+57.2 

.20 

+     7 

+124 

.87 

L.O 

7 

8 

y  Cassiopeae 

n  .mi 

+60.1 

.01: 

0 

+     2 

.90 

0.2 

■' 

2 

/j.  Cassiopeae 

1     1 

+54.4 

.11 

+    19 

+372 

.'.in 

1.0 

28 

[8] 

Polaris 

1  22 

+88.8 

.06 

+     1 

+      4 

.TO 

1.0 

1 

6 

e  Eridani 

3  16 

-43.5 

.1  1 

+  121 

+  288 

.60 

0.8 

31 

[3] 

50  l'ersei 

4     2 

+  37.8 

.04:: 

+     1 

+   24 

.98 

0.5 

6 

5 

o1  Eridani 

4  11 

-    7.S 

.18 

-392 

+   97 

.64 

0.5 

8 

2 

a  Tauri 

4  30 

+  16.3 

.10 

2 

+  19 

.84 

1.0 

0 

7 

a  Aurigae 

5     9 

+  43.9 

.09 

-      1 

+   43 

.99 

1.0 

5 

10 

ji  <  >rionis 

5  10 

-  8.3 

.00 

+      1 

-     1 

.53 

0.0 

0 

a  Orionis 

5  50 

+   7.4 

.02 

+      4 

-     1 

.67 

0.6 

-'  1 

3 

ji  Aurigae 

5  52 

+  44.9 

.06: 

-      5 

0 

.98 

0.5 

0 

5 

«  Argus 

6  22 

-52.6 

.01 

0.0 

0 

i//5  Aurigae 

6  39 

+  43.7 

.11 

__     0 

-   15 

.98 

1.0 

-'  1 

10 

a  Can.  Maj. 

6  41 

-16.6 

.37 

-  28 

+  128 

.31 

1.0 

12 

1 

51  H.  Ceplrei 

6  53 

+  S7.2 

.03: 

—     5 

+     4 

.82 

0.3 

2 

2 

«  Geminorum 

7  28 

+  32.1 

.20:: 

-  15 

+   12 

.93 

0.8 

1 

7 

a  1  lan.min. 

7  34 

+  5.5 

.30 

-  30 

+  120 

.69 

1.0 

6 

5 

/J  Geminorum 

7  39 

+  28.3 

.06 

-  57 

+   23 

.90 

0.8 

5 

6 

LI.  15290 

7  45 

+  31.0 

.02 

+  24 

+  153 

0.95 

0.1 

80 

[1] 

i  Urs.  Maj. 

8  52 

+48.5 

.13: 

-   24 

+  43 

1.00 

0.7 

3 

7 

10  I'rs.  Maj. 

8  54 

+  42.2 

.20 

-   22 

+   45 

1.00 

1.0 

2 

10 

LI.  18115 

9     5 

+53.3 

.15 

-103 

+  134 

0.99 

0.9 

9 

9 

6  Urs.  Maj. 

9  26 

+  52.2 

.07 

-   43 

+  101 

1.00 

0.9 

14 

9 

LI.  19022 

9  36 

+  43.4 

.06 

+   48 

+   64 

1.00 

0.7 

11 

7 

20  Leo.  min. 

9  55 

+  32.5 

.06 

-   11 

+  68 

1.00 

1.0 

11 

10 

a  Leonis 

10     3 

+  12.5 

.02 

-   17 

+  17 

0.94 

0.8 

9 

Gr.  1618 

10     5 

+  50.0 

.18 

-    72 

+  126 

.99 

0.9 

7 

9 

Gr.  1646 

10  22 

+  49.4 

.10 

+   66 

+   58 

.98 

0.9 

6 

9 

Gr.  1657 

10  27 

+  49.7 

.04 

+     9 

-   24 

.98 

0.8 

-   6 

8 

LI.  20670 

10  38 

+  47.7 

-   .01 

11.11 

LI.  21185 

10  58 

+36.7 

.46 

+305 

+363 

.99 

0.9 

'  8 

9 

LI.  21258 

11     0 

+44.1 

.22 

—  357 

+259 

.98 

0.6 

12 

6 

,21516 

11     9 

+  74.0 

.15 

-   32 

+  31 

.86 

1.0 

2 

7 

O.A..  11677 

11  15 

+  66.4 

.27: 

-181 

+  245 

.89 

0.7 

10 

6 

-T1561 

11  33 

+45.7 

.03 

-   43 

+   50 

.96 

0.5 

18 

5 

Gr.  1822 

11  40 

+48.3 

.02 

-   16 

+   67 

.04 

0.2 

35 

0 

Gr.  1830 

11  47 

+  38.5 

.14 

+  705 

+   20 

.96 

0.0 

1 

0 

LI.  22632 

11  57 

+  43.7 

-0.04 

+   23 

+   65 

0.94 

0.0 

0 
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Fori '.Mm 

Motion 

Stars 

R.A. 

Decl. 

TT 

T 

<T 

sinj. 

h 

B 

Wt. 

LI.  22810 

h      m 

12     l 

8 

-    13 

+  3l" 

0.94 

LO 

5 

;i 

/3  Comae 

13     7 

+  28.4 

.11 

-114 

+  28 

3 

7 

/?  Centauri 

I::  56 

-59.9 

.05 

+     1 

+      4 

.92 

1.0 

1 

- 

a  Bootis 

14   11 

+  10.7 

.03 

H23 

+193 

85 

0.0 

73 

0 

a  Centauri 

1  1  32 

60.4 

. ,  5 

-302 

+209 

.94 

l.o 

3 

'.i 

LI.  27298 

1  1    53 

+  54.3 

.08 

-   47 

+  100 

.64 

O.'.l 

20 

1 

n  Scorpii 

16  23 

.02 

+      1 

+     3 

.92 

o..-, 

2 

4 

rj  Herculis 

L6  39 

+39.1 

.40: 

+      9 

-     1 

.:;7 

0.7 

0 

0 

tt  Herculis 

17    11 

-+  36.9 

.11: 

ii 

+     3 

.26 

0.5 

1 

o 

8  Herculis 

17    11 

1  24  9 

.05: 

+    12 

+  10 

.:;l- 

o.l 

5 

0 

y  Draconis 

17   30 

+  :,:,:■; 

.32: 

-    16 

-     4 

.in 

0.9 

0 

■  > 

0.  A.  17415 

17   37 

+  68.4 

.22 

+  81 

-10S 

.52 

O.'.l 

-10 

•  > 

70  Ophiuchi 

IS     (1 

+    2.5 

.19 

+    41 

+  1(15 

.52 

l.o 

10 

:; 

8  Urs.  miii. 

1  s     5 

+  86.6 

.(13: 

-     4 

+      5 

.7.-. 

0.6 

2 

3 

a  Lyrae 

is  ::.; 

+  38.7 

.11 

-   10 

+  36 

.13 

1.0 

26 

0 

O.A.  18609 

is    12 

+59.5 

.35: 

+150 

-174 

.37 

O.'.l 

-13 

1 

31  Aquilae 

19  20 

+  11.7 

.06 

+   95 

-   22 

.11 

0.6 

—   7 

1 

a  Draconis 

19  33 

+69.5 

.26: 

-115 

-113 

.59 

0.8 

-10 

3 

a  Aquilae 

19    16 

+  8.6 

.23 

+   67 

_     2 

.52 

1.0 

0 

3 

a  Cygni 

20  38 

+  41.'.) 

-  .01 

+     1 

+     1 

0.0 

0 

61  Cygni 

21      2 

+  38.2 

.39 

+  357 

+379 

'.52 

0.8 

19 

■  i 

a  Cephei 

21    If, 

+62.1 

.06: 

-     4 

+    15 

.63 

n  7 

4 

3 

i  Indi 

21  :>:, 

-57.2 

.20 

+  113 

+  440 

.'.17 

0.9 

23 

8 

a  Gruis 

22     '_' 

-47.4 

02 

-     3 

+   21 

0.99 

0.5 

10 

5 

a  Piseis  Austr. 

22  52 

-30.1 

.1.". 

+     9 

+   34 

LOO 

1.0 

:; 

10 

Lac.  9352 

22  5'.) 

-36.5 

.28 

+561 

+412 

0.99 

0.5 

15 

5 

Br.  3077 

23     8 

+  56.6 

.15 

+   50 

+  L'o:; 

.7'.! 

L.O 

17 

6 

85  Pegasi 

23  57 

+  2C.5 

0.05 

-  43: 

+  124 

0.94 

0.6 

25 

•_> 

From  the  data  thus  prepared  the  definitive  value  of  v 
was  derived  by  three  methods. 

First  method.  The  equations  of  condition  were  written 
in  the  form 

av   =  n 
where 

a   =   100  hir  sin  A. 
n    =    ha 

ami  then  a  normal  equation 

[a«]  v  =  [ail] 

was  found.     This  equation  is 

13640 r   =   79740 
giving 

v  =   5.85 

Second  method.  In  the  preceding  method  tin'  result  is 
influenced  too  much  by  the  stars  of  Large  parallax.  Hence 
I  formed  another  quasi-normal  equation 

This  gave 


vjLa   =   —n 


Third  method.     This  rests  on  the  consideration  thai   tin' 
distance  of  the  star  should  oot  be  a  lining 

the  weight  of  a  value  of  u  derived   from   its  motion 
vided  only  that  the  parallax  ami  proper  motion  are  well 


determined.     We  are  investigating  Linear  velocity,  a: 
conclusions  should,  so  far  as  possible,  rest  on  the  oh-- 
relative  Linear  velocity  of  tin-  sun  and  each  star.     This 
relative  velocity   in  tin-   direction  of   the   parallactic  mo- 
tion is  for  each  star, 


100*  sinA 


The  values  of    v  from   this   equation   arc  given   in    the 
table.     To  each  value  has  been  assigned  a  weight 

ir   =    10  /,  sin- A 

E  eluding  three  h  of  which  gave  r>25.  the 

mean  result  is 

v  =   0.4   =  30  k.m.  per  second. 

This  is  the  sami  lital  motion  of  the  earth.     Its 

probable   error,  as   derived    from    the  dispersion   of  the 

proper  motion-,  would  he  aboul  a  unit  or  less.      But  it  may 
Euenced    bj    a  systematic    tendency  arising   in   this 
\   ■■lit   half  the  stars  in  the  list,  probal 
all,  have  bei  for  the  determination  of  parallax 

on  account  of  their  large  proper  motion.      For  our  t 
lection  should  be  made  with  impartiality 
due  and   sign   of   the  actual  motion   away  from   the 
apex,  saj   .r ,.     \\  hen  ,r    is   positive,  the  apparent   | 
motion    is   increased   by  the   parallactic  motion,  win'. 
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diminished  in  the  opposite  case.  Eence,  in  a  selection 
(it  stars  whoso  apparent  proper  motion  exceeds  a  certain 
limit,  then'  will  be  a  tendency  to  select  those  for  which  <rn 
is  positive  rathi  r  than  those  for  which  it  is  negative. 

( >n.'  way  in  which  we  can  judge  whether  there  has  been 
such  a  bias  in  the  selection  of  the  stars  is  by  comparing 
the  number  of  negative  and  positive  values  of  o-  in  the 
i  the  parallax  stats  with  the  number  in  the  case  of 
stars  in  general.  I  find  by  a  partial  counl  <>l  Eapteyn's 
values  of  <r  for  the  Bradley  stars  that,  in  the  case  of  abso- 
lute values  of  20"  or  greater,  there  are  about  ten  positive  to 
on.-  negative.     In  the  preceding  list  of  parallax  stars  we 

have 

I  I  values  of  a  >  +  19" 
5  values  of  <r  <-19" 

This  result  does  not  indicate  any  bias  in  the  case  of  stars 
with  considerable  proper  motion.  In  the  case  of  the  re- 
maining stars,  mostly  investigated  in  consequence  of  their 
brightness,  there  are  fourteen  positive  values  of  a  to  six 
negative  values,  a  preponderance  which  is  no  greater,  I 
conceive,  than  we  should  expect  as  the  result  of  the  paral- 
lactie  motion.  Moreover,  in  taking  the  mean  value  of  v, 
I  have  thrown  out  four  stars  for  which  y  >2f>,  and  none 
on  account  of  a  large  negative  value. 

On  the  other  hand,  I  find  for  the  mean  result  of  twenty- 
two  bright  stars,  in  which  there  is  certainly  no  bias  as  to 
proper  motion, 

v   =  3.5   =  16.5  k.m.  per  second, 

which  agrees  with  Kapteyx's  conclusion  from  motions  in 
the  line  of  sight,  and  strengthens  the  impression  of  an 
injurious  effect  of  selection  in  the  case  of  the  stars  of  large 
apparent  motion. 

In  this  connection  the  following  result  may  not  be  devoid 
of  interest.  Desiring  to  see  whether  the  stars  of  very  large 
apparent  proper  motion  showed  any  community  of  motion, 
I  determined  the  apex  and  mean  parallactic  motion  from 
them  alone.  I  took  sixteen  stars  whose  annual  motion 
exceeds  2".6,  and  Arcturus.     The  result  is : 

A   =   276°.3     ;     D   =    +  41°.3     ;     R  =  3".15 

The  close  approach  of  the  position  of  the  apex  to  the 
truth  shows  that  the  actual  motions  of  these  stars  take 
place  quite  at  random.  Assuming  the  motion  R  to  be 
really,  in  the  general  mean,  a  parallactic  motion,  we  should 
have,  for  the  mean  parallax, 

7T    =    -   =    0".o0 

v 

when  we  assume  v  =  6.3,  and  a  yet  greater  value  it  we 
take  a  smaller  v.  The  parallaxes  of  thirteen  of  the  seven- 
teen stars  have  been  actually  measured,  with  the  mean 
result, 

it  =  0".27 


I  conclude  that  the  bias  already  described  greatly  affects 
these  stars;  in  fact  that  they  are  mostly  stars  with  a 
large  actual  motion  in  a  direction  the  opposite  of  the  solar 

net  inn. 

II. 
The  Most  I. it'll/  Position  of  tin-  Solar  Apex. 

Determinations  of  the  position  of  the  apex  have  gener- 
ally been  based  on  stars  having  a  large  proper  motion. 
The  use  of  these  stars  has  both  an  advantage  and  an 
objection.  The  advantage  is  that  such  stars  are  in  the 
general  mean,  so  tar  as  we  can  determine,  the  nearest  to 
us.  The  objection  is  that  they  are  also  stars  having,  in 
the  general  mean,  the  larger  absolute  proper  motions.  The 
best  stars  to  use  would  be  those  nearest  us  with  small 
proper  motion.  But  we  have  no  way  of  identifying  these 
-tars.  [  conceive  that  the  advantage  and  drawback 
balance  each  other,  and  that  it  is  desirable  to  base  our 
conclusions  on  as  many  stars  as  possible,  irrespective  of 
their  individual  proper  motions. 

In  Astron,  Papers,  Vol.  VIII,  Part  I,  I  have  given  nor- 
mal equations  for  determining  the  precessional  constant 
and  the  components  A',  Y  and  Z  of  the  solar  motion  based 
on  all  the  Bradley  stars.  The  latter  are  divided  into  two 
classes,  those  having  proper  motions  small  enough  to  be 
used  for  precession,  and  those  excluded  on  account  of 
proper  motion.  The  former  were  divided  into  six  classes 
according  to  magnitude.  As  the  results  for  solar  motion 
were  not  fully  investigated  in  that  papar,  I  have  now 
derived  them  from  the  combined  normal  equations 
(R.A.  +  Decl.)  for  each  class  of  stars. 

As  the  K.A.  and  Decl.  equations  give  different  values  of 
the  correction  to  the  precession,  I  have  used  in  all  the 
equations  iu  B..A.  the  value  +  0".24  found  from  all  the 
R.A.'s  and  in  Decl.  the  value  +  1".34  found  from  all  the 
declinations.  A  separate  solution  for  the  stars  of  lower 
proper  motion  is  found  on  p.  56  of  the  paper  in  question. 
The  separate  results  for  R,  the  parallactic  motion  of  a  star 
90°  from  the  apex,  and  A  and  D  are  as  follows : 

Stars  of  Small  Proper  Motion. 
Mag.  It  A  D       No.  Stars     Wt. 


1  to  2.9 

6.59 

263.1 

+  31.7 

64 

1 

3.0  to  3.9 

5.61 

262.7 

26.8 

135 

2 

4.0  to  4.9 

3.47 

266.5 

31.8 

327 

5 

5.0  to  5.9 

3.14 

268.5 

32.0 

731 

11 

6.0  to  6.9 

2.S1 

277.4 

30.6 

1034 

16 

7.0  + 


2.S6       27S.2       +33.6 


.'.'If. 


Stars  of  Larger  Proper  Motion. 
All  mag's     16".7     276°.9     +31°.4         644       10 

The  mean  result  from  the  stars  of  small  proper  motion  is 

A  =  272°.o     ;     D  =    +31°.3 
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The  progression  in  the  values  of  A,  and  the  agreement 
among  those  of  D,  are  alike  striking ;  but  I  see  no  cause 
to  assign  except  the  accidental  dispersion  of  the  proper 
motions. 

The  most  complete  discussion  of  the  solar  motion  from 
stars  of  large  proper  motion  with  which  I  am  acquainted, 
is  that  of  Stumpe  in  A.N.,  Bd.  125,  Xo.  2999-8000,  which 
is  supplemented  by  a  paper  in  Bd.  140,  No.  3348.  In  the 
first  paper  the  stars  are  classified  as  to  amount  of  proper 
motion;  in  the  second  this  work  is  repeated,  and  tin  re- 
sults of  a  classification  according  to  magnitude  are  added. 
The  results  of  the  latter  classification  are, 

Ma-.     1  to  5.5     A  =  263.8     D  =   3T1     N  =   284 
5.6  to  7.5  290.7  .".7..-.  473 

7.6  to  <  286.7  46.9  238 

The  progression  of  the  declination  of  the  apex  with  the 
magnitude  is  remarkable,  but  does  not  seem  attributable  to 
any  better  defined  cause  than  that  already  mentioned. 
Weighting  Stumpe's  results  in  proportion  to  the  number 
of  stars  on  which  each  depends,  we  have  by  the  classifica- 
tion according  to  magnitude, 

A   =  2S3°.l     ;     D  =    +  38°.7 

The  classification  according  to  proper  motion  gives,  in 
the  mean, 

A   =   2810.8     ;     I)  =    +  40°.7 

The  difference  merely  accentuates  the  uncertainty  of  the 
result. 

In  the  Astronomical  Journal,  Vol.  IX,  X".  213,  Boss  has 
found,  from  279  stars  in  the  Albany  zone, 

A  =  283°.3     ;     D  =    +44°.l 

If  the  proper  motions  in  declination  be  reduced  to  m\ 
new  standard  by  the  correction  +  0".38,  the  result  for  l> 
will  be  diminished  by  1°.2,  so  that 

D  =    +  42°.9 

In  the  preceding  results  are  included,  I  believe,  the  re- 
sults of  all  the  independent  data  for  the  solar  apex  thai 
have  yet  been  worked  up,  and  of  all  the  readily  available 
data  except  the  1200  proper  motions  found  by  Ai  w  ebs  in 
his  A. G.  zone,  +30°  to  +35°.  In  seeking  to  combine  them 
so  as  to  get  the  most  likely  result,  we  an-  embarrassed  by 
the  systematic  difference  of  10'  in  the  value  of  /'  from  the 
Bradley  stars  and  the  totality  of  other  stars,  as  well  as  by 
the  equal  difference  in  the  value  of  A  from  the  brighter 
ami  the  fainter  stars.     The  first  discrepancy  shows,  in  the 

faint  stars  with  large  proper  motion,  a   prep lerai 

large  negative  motion  in  declination  much  greater  than  the 
possible  systematic  errors  of  the  proper  mot  ions  in  declina- 
tion generally.     So  far  as  the  mere  values  of  p!  ari 
cerned,  there  is  an  obvious  cause  for  this.     In  the  apparent 
proper  motions  of  stars  all  actual  motions  in  the  direction 


of  the  parallactic  motion  are  exaggerated,  while  those  in 
the  opposite  direction  are  belittled  or  reversed.  But  it  is 
not  clear  to  me  that  this  would  increase  the  derived  paral- 
lactic motion  in  declination  in  a  greater  degree  than  that 
in  R.A.,  and  if  it  did  not,  the  value  of  I)  would  not  \>e  in- 
creased by  the  bias. 

In   seeking   for   a  combined  result  we    must   note    that 
some  stars  are  included   in  more  than  one  of  the  three  de- 
terminations.    Of  Stompe's  one-eighth,  or  135 
in  all,  are  Bradley  stars,  while  abo  it  64  are  in  Boss's 
But,  as  it    is  impossible  to  separat. 

common  stars,  we  are  obliged  to  allow  their  duplicate  en- 
trance into  the  final  results,  which  will  then  be 


A 

D 

-V 

Br.  stars  of  small 

272.5 

2527 

Br.  stars  oi  lai  ge  p.m. 

276.9 

+31.4 

644 

Sti  \iii-   -tars 

282. 1 

995 

1  ii  iss's  work 

283.3 

+  12.9 

279 

A  consideration    of   the  whole    si  me  to  give 

each  result  a  weight  wc  proportional  to  the  number  of 
stars  on  which  it  depends,  with  these  exceptions.  In 
the  case  of  A  the  lirst  i»0  is  multiplied  by  0.5,  and  the 
second  by  0.25,  because  only  motions  in  declination  are 
used.  In  the  case  of  l>  the  second  wtt  is  multiplied  by 
0.5,  and  the  fourth.  Boss's,  h\  2.0. 

Thus  the  weights  taken  are,  in  order, 


For  .1 
D 


w   =    15,  2,  12.  1 
32,  I.  L2,  7 


There  is  evidently  an  uncertainty  of  several 
to  the  position;    it  will   then  round  num- 

bers, am 

A   =     277^5   =    is  ::o 
/>  =    +35 
as  the  most  likely  position  oi  ;  •  nt. 

Ill 

Parallactic    Motion   i  irs. 

The  onl\   new  result  1  have  to  offer  on  this  subject 

derived  from   Acwers's  comparison  of   the  K.A.'s  of  his 

Berlin   zone   with    Lai  lnde.     In   view  of  the   fact    that 

Lalande's  observations  must  be  completely  re-reduci 

fore  any  definite  result    can    be   derived    from  them,  I  shall 
give  no  details  of  this  verj  simple  work,  but  i 
the    result.      When    the    comparisons    an 
A.G.  standard  with    \i  mis'-  data,  1  find 
A  -I  a  +  44 

a    result   which  would    place    the   apex    in  25  \  . 

about  51  .5  from  its  probable  position.     Taking  the  inter- 
val as  seven!  entennial  motion, 

"    's,; 
/.  cos  /'  oos51  .5        0 

e  ,  l 
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From  Boss's  comparisons  "I  his  zone,  AatronomicaUour- 
nal,  IX.  p.  28,  results 

Mr,   s    /'      :-        t     l.ll 

From  Bes  +  L35 

1 1,, ■-,-  re  uH  ights  3  and  2,  and  bhal  just  de- 

rived i  he  weighl  1 .  we  have,  as  a  mean  result, 

\i.      8.5,     afcosD        1.28 
1/  =  1.56 

Putting  u  =  I,  this  will  give,  Eor  the  mean  parallax  of 
stars  uf  mag.  8.5, 

k  =  0".0039 

This  resull  is  derived  directly  from  the  parallactic  motion, 
without,  assuming  any  law  between  the  magnitudes  of  the 
stars  ami  their  distance. 


TV. 
The  Mean  Parallax  of  the  Vogel  Stars. 
An  estimate  of  this  quantity  may  be  made  on  the  hy- 
pothesis that  the  indiscriminate  mean  of  the  relative 
motions  of  the  stars  in  a,  8  and  p  are  the  same  in  absolute 
amount.  Omitting  Arcturus  as  exceptional,  we  have,  for 
the  means  of  fifty  motions, 

Mean  of  fx.a  cos  8         0.142 
Mean  of  ^(i  0.117 

M.an  of  i)  16.9  km.  per  sec. 
or         v   =  3.65  per  year 

Hence,  from  R.A.  motions,  -k  =  0.039 
from  Decl.  motions,  0.032 

The  inclusion  of  Arcturus  would  have  carried  the  means 
up  to  0".046  and  0".043,  but  I  conceive  that  the  better 
result  is  obtained  by  omitting  it.  This  is  smaller  than 
the  usually  adopted  mean  for  the  stars  of  magnitude  2.0. 


Bui  n  is  larger  than  the  resull  thai  would  be  derived  from 
the  mean  parallactic  motion  of  the  eighty-seven  Bradley 
stars  "l  magnitude  1  to  2.9.     This  is  approximately, 

i/    -  <>".1oo± 

,  =  *  =  0".029 

v 

V, 
Summary  of  Conclusions. 

1.  K\ni:v\'s  determination  of  the  absolute  speed  oi 
the  solar  motion  from  the  dispersion  of  Vogi  l's  measures 
i  probablj  verj  near  the  truth,  so  thai  we  may  pul  for 
the  value  of  this  speed  in  terms  of  the  year  an. I  the  earth's 
mean  distance  from  the  sun  as  units. 

v  =  3.5 

2.  K ai'tf.vx's  formulas  for  the  mean  parallax  of  stars 
of  any  magnitude,  m,  namely, 

TTm      =      /.'"'  7T,, 

where 

ft      =     iy/2 

is  probably  near  the  truth,  at  least  up  to  the  ninth  mag- 
nitude. 

3.  The  mean  parallax  of  the  brighter  stars  is  probably 
less  than  that  usually  estimated.     If  we  put 

,ro  =  0".07 

giving,  for  the  stars  of  magnitude  2.0, 

it,   =  0".035 

we  shall  probably  be  as  near  the  truth  as  we  can  now  get, 

4.  The  most  likely  position  of  the  solar  apex  is 


277°.5   =   IS"  30" 
35° 


but  there  is  still  an  uncertainty  of  three  or  four  degrees  ill 
the  position. 


CERASKTS   NEW  VARIABLE  IN    AURIGA, 


(1855)     51'   17-  7s     ,     +86°     40'. 5 
By  J.  A.  PAEKHUKST. 

I  have  15  observations  of  this  star,  which  was  announced 
in  A.X.  3529.  1898  Dec.  10  I  found  it  9M.2,  after  which  it 
rose  to  a  maximum, -8". 7,  Dec.  24,  and  fell  to  9M.9  at  the 
last  comparison,  1899  Feb.  1.  The  magnitudes  depend  on 
the  DM.  stars  36°1133,  9».5;  1134,  9K.5;  1135,  9M.5,  and 
111,  8M.9.  The  place  of  the  variable,  measured  from  the 
same  stars  is 


R.A. 


17  7.0 
20  9.6 


Decl.  +36  46.5 
19.2 


, 1 855  i 
(1900) 


I  IBSEBVED    M  Ai,N  III  FDES. 


Dec.10 

9.16 

1898  Dec.  30 

9.04  seeing  poor 

12 

9.03 

1899  Jan.   5 

8.85      " 

13 

8.96 

10 

9.04 

15 

8.85 

18 

9.30 

17 

8.88  moon, 

24 

9.59 

22 

8.82     •• 

28 

9.71 

26 

8.73     ■■ 

Feb.    1 

9.90 

28 

8.96  seeing  p 

3or 

Marenrjo,  III.,  1S99  Feb.  2. 
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OBSERVATIONS   OF    (334)   CHICAGO, 

MADE    WITH     I  II  I     36    INCH    REFRACTOR    0]     I  UK    MCB    OBSERVATORY, 

\\v  WILLIAM    .!.   HUSSET. 


1898  Mt.  Hamilton  M.T. 

-* 

No. 

Planet 

-* 

Planet's 

apparent 

(  omp. 

la 

/8 

a 

8 

for  a 

ford 

b       in       - 

May  19 

14  1G  34 

1 

8,8 

-0  L2.88 

+  1    17.6 

L6    II    53.04 

16  30     9.5 

9.257 

June  2 

11  41  12 

3 

10  ,  10 

+  o   L6.66 

_3    3.3 

16  32  37.24 

L6  L3  56.2 

12  15     0 

3 

7 

+  0    15.70 

16  32  36.28 

8  5 1  - 

o 

1 1  28    1  1 

5 

10  .  lo 

+  0     9.35 

-  2  26.9 

L6  31   57  38 

-16   11'  57.'.i 

n8.412 

9 

12  36  44 

6 

8,8 

-0     3.33 

_3  59.0 

16  27  57.28 

ir,     7  34.5 

9.235 

10 

11  26     3 

8 

10,  10 

—  0  22.89 

-0  23.2 

16  27  20.37 

16     6  53.6 

23 

10  56  31 

9 

8  .8 

+  ii     8.59 

-3     0.8 

16   L9    10.04 

-16     0  31  1 

0.845 

M(  an 

Places  for  1898.0  of  Comparison- Stars. 

* 

a 

Ki  1   to 

Red.  to 
app.  place 

Authority 

1 

16  42     2.22 

+3/70 

-10  31   46.7 

-10.4 

i lonnected  with  ^- 

2 

16    13  30.30 

+3.70 

_10  35  34.8 

-10.3 

DM.  -16  4353,  Skinm 

3 

10  32  10.71 

+3.87 

-10  lo  42.1 

-10.8 

i  !i  mnected  with  ^  1 

4 

16  35  58.61 

+  3.87 

-10    9  59.3 

-10.5 

DM.      L6  1328,  Skinner,  three  Wash.  M.< 

5 

16  31  44.15 

+3.88 

-10  10  20.4 

-10.6 

1  lonnected  with  *4 

6 

16  27  56.65 

+  3.96 

-16     3  24.4 

-11.1 

( lonnected  with  %  7 

7 

10  29  31.56 

+  3.90 

-16    3  17.1' 

-11.0 

DM.      L5  1346,  Skinm                     -  M.C.  Obs. 

8 

10  27  39.30 

+  3.96 

-16     6  19.3 

-11.0 

( lonnected  with  *  6 

9 

16  19  27.46 

+  3.99 

-15  57  18.9 

-11.4 

DM.  -15°4320,  Skinner,  two  Wash.  M.C.  Obs. 

Ju  and  J8  have  in  all  eases  been  measured  direetlj   with  the  micrometer. 

Professor  Habkness  has  kindly  furnished  some  of  the  Btar-positions  from  the  observations   made   at  Washington  for  the   A. 6. 
Catalogue. 

ill.  Hamilton,  Cat.,  1898  Dec.  19. 


OBSERVATIONS  OF   SUSPECTED    VARIABLES, 

0\   .1.  A.   PARKHUBST. 


Cebaski's  Variable  i\    Cepheus. 
This  was  announced  by  Prof.  Ckkaski   in  A.N.  No.  3512, 
as  Hi"  and  diminishing  in  July,  1898.     He  gave  its  place 
from  eye  estimate  as 

It. A.     21"  0'".9,     Decl. +32°  28'.0,     (1855) 
In  September  I  found  a  12M  star  within  1'  of  the  place, 
and  October  11  measured  its  position  relative  to  the  DM. 
star  at,     21"  8'"  23",     82°  24 '.5,     (1855),     with  the  result : 


K.A.     LM   6 


34      Decl.  +82  28.9     (1855) 
3  33  39.8     (1900) 

On  this  date  the  variable  was  estimated  as  l'_'\o.  as  it 
was  bright  enough  to  set  the  micrometer  thread  upon  with- 
out difficulty.     It  was  the  brightest  of  a  group  of  5  small 

stars,  the  other  1  lying  from  I  I'  to  3'  V  | :      Since  then 

the  variable  has  slowly  Eaded,  and  in  December  and  January 
has  been  invisible,  though,  the  four  comparison  stars  arc 
readily  seen.     The  change  amounts  to  at  least  1". 


Anderson's  \  iriabij  in  /'  <asvs. 
This  was  announced  in  .I..V.  No.  3521,  as  falling  from 
9*.1  to  10*.]  in  1898  Auigusl  and  September.  I  found  it 
at  llM.6,  October  15,  and  have  15  observations  since.  It 
passed  a  minimum,  al  L2".7,  November  24,  and 
at  the  last  comparison,  1899  Ja  iry  11.  Measures  from 
the  star  DM.  +  13  1689  I  Bi  m    VI)      v<  the  place 

Et.A.     21* 


11     7.6 

Da 

•  L3  50  17     (1855) 

10    11.9 

1  1     1   36     (1900 

Their  is  an  8".8  star,  which  I  take  to  be  DM.  +13  1677, 
'•  i      c.  following,  and  5'  28*  south  of  the  variable,    [f  this 
is  found  in  a  oa(  dogue  il  will  give  a  more  accurat 
for  the  variable.     There  are  two  11". 7  stars  pri 
\  ariable  6'.3  and    I5*.0j  respectn   ly,   m  the  -  u 
and  all    8,  lO'.O      seeding,  0'.9    outh. 

Jfa  19. 


THE     ASTRONOMICAL     JOURNAL. 


N°-  457 


i;u:m i:\ts  and  kpiikmkkis  of  i;ros, 

l!v    BENR1    NORRIS    RUSSELL. 


Tin-  ml. it  which  is  here  jiven  is  based  on  bhe  following 
normal  places,  of  which  the  first  sc\cn  are  those  given  by 
Dr.  Chandleb  in  A.J.  151,  and  the  remaining  two  are 
formed  from  observations  made  at  the  Washburn  Observa- 
tory, and  published  in  A.J.  15:;. 

Observed  Normals 


1898 
Gr.  M.T. 


No. 
Obs. 


L898.0 
S 


Aug.  17.5 

35 

24.5 

26 

Sept.    1.5 

L9 

13.5 

11 

23.5 

14 

Oct.  w.r, 

•  > 

Nov.  ll.^S 

4 

Dec.     8.5 

4 

28.5 

2 

21  20  50.89 
21  8  16.15 
20  55  35.58 
20  11  54.33 
20  36  19.66 

20  39    2.16 

21  12  34.47 

22  0  II.  is 
22  44    0.54 


6  21  27.3 

-0.04  1 

-6  IS     7.1 

-0.O1 

-6  18  12.6 

+0.21 

-6  21     4.2 

-0.03 

-6  20  43.0 

-O.Ol' 

-6    2    3.1 

+  u.(i7 

_4    r,  l or. 

0.07 

-0  3s    ir 

+0.21 

+2  7.7  39  2 

-0.08 

-0.7 
+  2.3 
+  1.0 
-0.2 
+  0.4 
+0.1 
-2.1 
+0.5 
+  0.1 


In  computing  the  elements  a  suggestion  of  Dr.  Chand- 
ler's was  followed,  and  the  value  of  ^  determined  by  him 
from  the  observations  of  the  three  oppositions  of  1893-4 
L896  and  1898  was  assumed  to  he  sensibly  accurate,  and 
used  as  a  basis  of  further  calculation.  The  other  live  ele- 
ments were  determined  by  varying  the  ratio  of  the  extreme 
geocentric  distances.  The  elements  finally  obtained  are 
as  follows.  The  deviations  O  — C  of  the  respective  normal 
places  are  given  above. 


Epoch   iso.s  An-.  :;i..-,  dv.-nwirh   M.'l'. 
.1/  = 


t 

log  a 

r1 


221   38  37.8 

177  38  L6.2  ) 

:;o:s  20  57.:;     is;is.<i 

in  I'.i  31.0  ) 

L2  52  27.9 
0.1637876 
2015".2326 
Period  643.10  days 

Eqi  \  rouiAi.  ( loiiimixA  1 1  -    I  s;i;i.O 

x  =  [9.9946090]r  siinl'll  37  33.6+») 
y  =  [9.9414807] r  Bin(116  34  2.3+w) 
z  =  [9.7081149]  r  sin(137     6  33 

Eriir.Mi.Kis   i-iii;  Greenwich   Midnight. 


1899 

Mar.     1.5 

3.5 

5.5 

7.5 

9.5 

11.5 

1: 3.5 

15.5 

17.5 

19.5 

21.5 


1  37  20.19 
1  43  52.53 
1  50  29.31 

1  57  10.51 

2  :;  56.13 
2  Ki  46.14 
2  17  -10.52 
2  2  1  39.24 
2  31  42.26 
2  38  19.53 
2  46     0.98 


+  17 
17 


27  55.1 

51  20.7 

is  20  18.0 

18  45  43.7 

19  10  34.7 
19  34  48.1 

19  58  21.0 

20  21  10.3 

20  43  13.1 

21  -1  26.4 
+21  24  17.4 


log  a 
0.2170 

0.2179 

0.2188 

0.2195 

0.2202 

1 1. -'UN 


Mag. 

12.5 


12. 


12.1 


COMET  cl  1899. 

A  dispatch  from  Prof.  Lewis  Swift,  of  the  Lowe  Observatory,  dated  March  3,  8h  25m  a.m.,  received  at  the 
Harvard  College  Observatory,  announced  the  discovery  of  a  comet  in  about  a  =  3b  45m  ,  8  =  —29°.  It  was 
large,  visible  to  the  naked  eye,  with  a  short  tail,  and  slow  motion.  Later,  Prof.  Keeler  telegraphed  the  following 
observations  by  Prof.  Hussey  at  the  Lick  Observatory,  and  Capt.  Davis  one  by  Prof.  Brown  at  the  Washington 
Naval  Observatory  : 

1899  March  4.6356  Gr.  M.T.  «  =  3  48™   4.3     ,     8  = 
5.5467  3  42  46.9 

5.6478  3  42  12.6 

6.6523  3  36  44.5 


-27     7  32 

Hussey 

-25  45  49 

Brown 

-25  36  54 

Hussey 

-24     8  32 

Hussey 

COMET  b  1899. 

Prof.  Kreutz  telegraphs  the  discovery  of  a  faint  comet  by  Wolf,  probably  a  return  of  Tuttle's  comet,  in  the 
following  position : 

1899  March  5.325  Gr.  M.T.         a  =   1"  16m.O     ,     8  =    +31°  38'.         Daily  motion,  +3m  44s  and  14'  southward. 


Some  Points  Relating  to  the  Solak  Motion 

by  Simon  Newcomb. 
Ceraski's  New   Variable  in  Auriga,  by  J.  A.  Parkih  t.st. 
Observations  of  (334)  Chicago,  r.v  William  J.  Hussey. 
Observations  of  Suspected  Variables,  by  J.  A.  Parkhurst. 
Elements  and  Ephemeuis  of  Eros,  by  Henry  Norris  Russell 
Comet  a  1S99. 
Comet  6  1S99. 


CONTEXTS. 
nd   tue  Mean   Parallax   of   Stars  of  Different  Orders  of  Magnitude, 
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OX   THE   SOLUTION   OF  DELAUXAY'S   CANONICAL   SYSTEM  OF  EQUATIONS, 

By  ORMOND  STONE. 


If  we  put* 


(1) 


2,p,  -jj  -  T—  U  +  R  =  0 


Hamilton's  canonical  equations  of  motion  become 


(2) 

dp( 
~dt 

dR 

dq,    _ 

'       dt 

dR 

~  ^P< 

in  which 

(3) 

Pi  = 

■xd?< 

The  y/s  are  the  generalized  coordinates  of  the  disturbed 
body,  say  the  moon,  and  R  is  Delauxay's  so-called  pertur- 
bati ve  function.  T  is  half  the  square  of  the  moon's  velocity, 
and  U  is  the  corresponding  force  function. 

Delaunay,  in  his  Theorie  de  la  Lune,  chose  as  y,'s 

I  =   the  moon's  mean  anomaly. 

g   =  the  angular  distance  of  the  perihelion  from  the  node, 
h  =  the  longitude  of  the  node  counted  from  a  fixed  point 

in  the  fundamental  plane  ; 
in  each  case  the  reference  being  to  the  instantaneous  Eep- 
lerian  ellipse ;  whence  the  p,'s  become 


Vi 


G  =  ■s/ pa  (l—e-)     ,     JI  =   \Jfia(\.—  e-)  cos  i 


in  which  /x  is  the  constant  of  the  system,  a  is  the  semi- 
major  axis,  e  the  eccentricity,  and  i  the  inclination  of  the 
moon's  orbit. 

In  the  Proceedings  of  the  London  Mathematical  Society 
(Vol.  XXVII,  p.  38.")),  Professor  E.  W.  Bkown  gives  a  sim- 
ple and  interesting  solution  of  Dklaunay's  canonical 
system  of  equations  by  means  of  Hamilton's  principal 
function.  In  the  following  solution  I  I  \  \i  i  i  roN's  function 
is  avoided. 

*Dr.  G.  W.  Hill.  On  the  Differential  Equations  of  Motion  [Thi 
Analyst,  Vol.  I,  p.  200).  Also  see  Dr,  Hill's  Lectures  on  Celestial 
Mechanics. 


In  the  first  approximation,  if  R  be  neglected.   L.  ',.  II 
become  constants.     As  a  second  approximation  let  us  put 


H 


/.' 


—B  —  A  cos< 


" 


in  which  B  and  A  are  assumed  to  be  functions  of    L,  6,  11. 
only,  and 

6  =  il+  i'g  +  i"h  +  X.  +  q 

in  which     /,  /',  i"  are  integers,  X  is  a  quantity  supposed 

to  vary  uniformly  with    the   time,  and   </    is    a  constant. 
(4)  gives 

1  aff„  1  dRn       1    BR.        ,>l; 


i     dl 
or  by  means  of  (2) 


?9 


,ih 


1  dL        1  dG        1    </// 
i    dt         »'    dt         i"    dt 

■ 
•It 

>y  integration 

L   =  L0+  i® 

\ 

G  =  -;0+  !'& 

\ 

JI  =   //.+  i"@ 

98 


(6) 


• 


8 


in  which     /.  .  ', .  //      are  constants  of  integration,  and  it 
is  seen  at  once  that  //,  may  be  expressed  as  a  fund 

0  and  6  only,     rutting     »  =    -      and  ditTerentiat:: 
with  reference  to  t. 


dt 


de 
dt 


'/.'       ..  -/; 


Also  (6 


=     -^7T+"=    - 


de 


■  '/■• 

30 


whence 


LO 
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(11) 


d  |  /,,.     ,<■><         .>,  Ro-y0)  tf©       d(R0-v®)   dO   _ 


dt 


and  bj  integration 
(12) 


3® 


7?„- v© 


2L  =   *„  +  »0  = 


>6 


-  B  —  A  cos  ( 


(13) 

in  w  hirli  >l»n  is  a  constant.  II'  I  >  \  means  uf'iS)  .land  /.'  In- 
expressed  in  terms  of  L0,  G0,  II0,  and  ©,  the  solution  of 
1 1.".)  may  be  performed  so  as  to  give  0  in  a  series  of  terms 
involving  cosines  and  multiples  of  6  and  constant  coef- 
ficients. Since  <I»0  is  arbitrary  we  may  assume  it  to  be  a 
function  of  L0,  G0,  II0  determined  by  some  arbitrary 
condition;  this  condition  we  will  assume  to  be  that  the 
non-periodic  term  in  ©  is  equal  to  zero.  We  may  therefore 
assume 


(14) 


© 


=  2}  j  *,  cos  j6 


in  which  the  4^'s  are  functions  of  L0,  G0,  H0  determined 
by  the  solution  of  (13).  As  a  consequence  of  the  assump- 
tion that  0  contains  no  non-periodic  term,  L0,G0,JI()  are 
the  non-periodic,  and  i®,  i'®,  i"®  are  the  periodic  portions 
of  L,  G,  II,  respectively.  Since  L,  G,  H  are  constants 
in  the  undisturbed  orbit,  ©  is  a  small  quantity  of  the  order 
of  the  perturbations.  This  fact  makes  it  possible  to  solve 
(13)  by  successive  approximations.  It  will  also  be  con- 
venient to  introduce  new  arbitraries    a.,  i 


L0   = 
or, 


Vi"a„ 


^o  =  AjVl— e 


i0,  e0  such  that 
II*   =  G„  cos  L 


-±-% 


y  =  sinii0  = 


J' 


relations  identical  with  those  between    L,  G,  II  and   a,  e,  i. 
We  may  now  introduce  the  new   variable    /„    obtained 
from 


(19) 


dl,  _       v\ 
dt              dLB 

d(BQ-v&)  dL        d 

,hi              <>LQ 

(R0-v®)  d® 
d®         dL 

dl       *    .  9*.         .„  dO 

=  dt+7JT7L0cos->edi 

ntegration 

l0  =  I  +  2,   |*'  sin/0 

1         C'A. 

(20) 


similarly 


I  =  k-  2, 


9  =  ff0-  2, 


h  =K-  2,. 


d* 


'-  sinjfl 


9*j     •     .„ 


f  sin /0 


/,,,  v.,.  /'„.     /.,..  '■,,.  //,,    may  be  considered  as  elements 

dl  an  intermediate  orbil  connected  with  the  elliptic  ci ai- 

cal  elements  by  the  relations  (8)  and  (20).     If     B  =-  /.'„ 


/      c      n        V**  ''''' 


will  be  constants.     For  the  true  value  of  B,  however,  this 

will  not,  in  general,  be  the  case.  Nevertheless  the  instan- 
taneous values  of  the  elliptic  elements  will  give  instantaneous 
values  of  the  intermediate  elements,  and  from  equations 
(19)  may  be  obtained  the  corresponding  instantaneous 
values  of 

dl       dg       dh 

dt    '    dt    '    di 

If  now  we  put  R  —  v®  for  /.'  in  equations  (1)  and  (2), 
it  may  be  seen  at  once  that  these  equations  in  the  changed 
form  are  satisfied  by  the  canonical  system  /,  <j,  h,  6, 
L,  G,  II,  ®,     whence 

dT 


©  = 


dt 


and 


dT 

,11 

9di 


dT 

TdJo 

''  dt 


L  = 


9*S 

dt 

dt 
dT 


dT 
dt 


dt 

~dl 

dt 


+  i® 


a  — : 

dt 

Comparing  this  with  the  first  of  equations  (8)  we  see  at 
once  that 

dT 

dt 


LJ  = 


and    1. 


are  canonically  related;   whence 


ll0  _        d(R-v®) 
It    ~  d~L0 

or  putting     B1  =  R  —  R0,     equation  (12)  gives 


dL0  _  d(R-v®) 
It    =  dL 


dL^  _3(^0+ig1) 

dt  ''/„ 

.                      dG0  0  (».+/?,) 

similarly  —rr  =  ^~- 

J               dt  dg0 

dH„  =   3  (»„  +  £.) 

dt  dh,, 


dt 

djh 
dt 
dhu 
Hi 


g(*.  +  A) 
dL0 

^(♦o +-BQ 

dG0 
dfro+R,) 

dH0 


As  a  second  approximation  we  may  assume  R1  to  consist 
of  a  single  term,  and  proceed  as  before ;  and  so  on  until 
all  the  terms  involved  in  R  have  been  considered. 
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MAXIMA   AND   MINIMA   OF    LONG-PERIOD    VARIABLES, 

By  .J.   A.   PAEKHUBST. 


267.      V  A  n  drom  edae. 
Following  the  minimum    reported   in  ./../.  456  the  star 
rose  quickly  from  10".5  on  1898  Nov.  19,  to  a  maximun    -     - 
(compared    with    5    neighboring  DM  Dec.  20,  then 

fell  more  slowly  to  10M  at  the  last  comparison  1899  Feb.  7. 
At  maximum  it  was  0M.l  fainter  than  DM.  35°154,  which  is 
rated  at  9".22  photometric,  in  H.C.O.XXTV.  I  have  10 
observations  in  the  above  interval. 

294.      W  Cassiopeae. 

I  have  8  observations  between  the  series  reported  in 
.I.-/.  456  and  L899  Jan.  24.  The  star  rose  very  slowly  from 
its  minimum  at  12M  to  a  maximum  at  8M.4  about  1898  No- 
vember  14.  though  it  is  so  nearly  stationary  in  light  during 
October  and  November  that  the  maximum  may  have  oc- 
curred as  much  as  a  month  earlier.  The  fall,  as  usual,  was 
more  rapid  than  the  rise,  reaching  10M.0  at  the  last  com- 
parison. 

659.     X  Cassiopeae. 

Since  the  maximum  reported  in  A.J.  434  this  star  fell 
slowly,  reaching  12M  1898  Mar.  L3,  where  it  remained  with 
some  fluctuations  till  October.  It  then  rose  slowly,  reach- 
ing ll*1  about  Dec.  3,  and  remained  at  that  brightness  till 
the  last  comparison,  1899  Feb.  15.  No  time  can  be  de- 
termined for  the  minimum,  and  the  maximum  expected  in 
November  is  at  least  much  delayed. 

2376.     S  Lyncis. 
Following  the  minimum  reported  in  A.J.  456  I  have  16 
observations  between  its  reappearance  at  11M.S,  1898  .1  uly  6 
and  1899  Jan.  14.     It  rose  steadily  to  a  maximum,  fairly 
well  fixed  at  1898  Oct.  1  (possibly  5  or  10  days  earlier)  at 
9". 4,  and  then  fell  at  about  the  same  rate  to  12s1. 0  at  the 
last  comparison,  after  which  it  was  indistinguishable  with 
the  6.2-inch  from  its  close  companion.      My  observa 
now  cover  about  one  and  one-half  complete  cycles,  includ- 
ing the  descending  branches  of  the  light-curves  following 
uccessive  maxima.     The  mean  interval  between  points 
of  equal  brightness  on  these   two   branches  is    293  days. 
Assuming  this  as  the  period,  the  dates  of  the  two  p 
ing  maxima  would    be   1897   1'eb.  22  and   Dec.  12.      As  a 
check  on  this  we  have  Rev.  Mr.  Anderson's  observations  — 

1897  April  21,  10".5  (10".4  by  this  curve),  and  Dec.  17. 
9M.5  (9".5  by  the  curve).  In  seeming  contradiction  stands 
Dr.  II  lbtwig's  estimate  of  618  days  as  the  period,  with  a 
maximum  t897Sept.20  |  Fierteljahrssehrift,  \  \  X  1 1 1.::  17). 

558.'!.       .V  I.  limn  . 

This  star  was  first  seen  with  the  Yeikes  12-inch  glass 

1898  dune  25  at  l."iM.8.  It  rose  rapidly  to  a  maximum 
about  9". 5  Aug.  21,  or  perhaps  10  days  later,  for  the  series 


closed  -  ll  a  fall  of  only  0*.l  or  0".2.     The 

seems  to  showr  that  the  star  was  10  to  20  days  ahead 
ephemeris. 

5601.     -s'  ris. 

A  maximum,  1898  Sept.  5,  at  7 ".8,  is  indicated  by  9  ob- 
servations between  1S98  June  17  and  Dec.  17.  The  period 
is  evidently  a  few  days  shorter  at  present  than  that  given 
in  the  Third  Catalogue. 

6 1 19.      T  Draconis. 

The  minimum  given  in  A.J.  434  was  followed  by  a  rapid 
rise  to  a  maximum  1S98  May  10,  at  8".0,  but  the  fall  was 
so  slight  during  the  rest  of  May  and  June  that  the  maxi- 
mum might  be  placed  even  a  month  later.  It  con' . 
to  fall  slowly,  reaching  11"  Dec.  18.  The  maximum  i.- 
covered  by  14  observations. 

6549.      WLyrae. 

I  have  14  observations  since  those  reported  in  A.J.  456. 
They  show  a  well-defined  maximun 

The  star  passed  10"  rising  1898  Sept.  20,  and  falling  1899 
Jan.  9.      As  usual,  the  rate  of   rise  and  fall  were  about 
equal.     The  interval  since  the  last  maximum  is  194 
When  this  is  carried  back   to   the  Lund  observations  in 
1880  (A.N.  3329)  for  which  the  epi  2,  the  period 

is  corrected  to  195.5  days  :  carried  to  the  DM.  obsen 
in  L858,  epoch  —7::.  and  1856,  epoch  -77  (AJf.  332  I 
resulting  period  is  196.0  days.     The  last  named  op- 
tions are  especially  conclusive,  as  the  star  was  then  c 
just  past  its  maximum. 

6871.     V 1. 
The  season's  observations  began  1S9S  June  25 
variable  was  below  the  limit  of  the 
tor.     It  continued   invisible  through  July,   and    was 
seen  Aug.  IS,  at  about  13*. 5.     The  rise  was  then   r  | 
a  maximum  Oct.  10,  at  9*.0.     The  curve  gives  some  indica- 
tions ■  ■!  adary  maximum.   N 
Mr.  11.  M.  Pabkhubsi  in  A.J,  456,  but  tl 
conclusive  ;   however,  a  well-marked  secondary   maximum 
at  11". 1    is  shown   for   1899  Jan.  1«».  after  which  the  fall 

jain  rapid,  reaching  very  near  13"  at  the  last 
parison.  Feb.  15.     1  have  20 
nearly  two-thirds  the  period. 

7085.     RT  Cygnl 
I  have   1  I  observations  beta  J98  A 

Jan    21.     The  si  ur  faded  from  7". 2  to  a  well-marked  mini- 
mum at  10". 8.  Nov.  22,  and   lose  rapidly  I 
comparison.     This 'is  the  brightest  minimum  1  hai 
served,  the  previou  -   s  May  23,  at   11  v.7. 

next  brightest. 
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7379.  ST  Cygni. 
After  the  maximum  reported  in  A.J.  456,  th 
below  niv  limit  Iron,  isms  Nov.  1  al  12".8,  to  Dee.  30  al 
12".4.  it  had  risen  to  10".  7  at  tin-lust  comparison,  Feb.  28. 
The  curt  e  indii  ated  a  minimum,  <  13"  aboul  Nov.  18.  My 
observations  now  cover  the  ascending  branches  of  two  light- 
curves,  giving  for  the  intervals  between  points  of  equal 
brightness  329  days.  In  connection  with  the  maximum  of 
L893  Sept.  30,  given  by  Dr.  Hartwiq  in  the  Vierteljahrs- 

'  1720 
scltrift,  XXXI 1 1, -'MS.  the  period   would   seem  to  he  — 

days.  It'  ii  is  5,  the  resulting  period,  344  days,  is  in  fair 
agreement  with  the  above  intervals. 

7492.  RZ  Cygni. 
Since  the  maximum  reported  in  A.J.  441  this  star  faded 
to  a  minimum,  11M.8,  1898  July  2,  then  rose  to  a  secondary 
maximum,  11M.0,  Sept.  27,  after  which  it  fell  slowly  to 
1  I  ".6  at  the  last  comparison,  1899  Jan.  28.  On  account  of 
the  extreme  redness  of  the  star  it  is  perhaps  not  surprising 
that  my  results  do  not  agree  well  with  those  published  by 
Dr.  Haktwig  in  Vierteljahrssehrift,  XXXIII,  ,"49,  but  one 
day  before  his  "bright  maximum,"  1895  Nov.  20,  I  found 
it  11M,2,  and  slowly  decreasing,  and  I  have  noted  a  rise 
above  11"  only  to  maxima  at  intervals  of  583  days. 

7502.     XDelphini. 
My  search  for  this  star  began  1896  Oct.  22,  but  it  was 
not  identified  till  1897  July  1 .      Then   micrometric  com- 
parison with  +17°4449  (Bonn  VI)  and  17°4451  (Berlin  Ast. 
Gesell.  Catal.)  gave  the  place, 

R.A.  20h48mi38.2  Decl   +17°   5  33  (1855) 

50  17.7  15  40  (1900) 

which  is  1'.4  north  of  the  DM.  place.  The  variable  was 
then  11". 5,  and  fading,  and  was  not  seen  again  till  Oct.  30 
at  11". 8,  Nov.  16  at  11". 5,  and  1898  Jan.  16,  at  8". 7.  It 
was  next  looked  for  in  June  and  July  with  the  Yerkes 
12-inch,  and  first  seen  July  12,  at  12".2.  After  this  18 
observations  showed  a  steady  rise  to  maximum,  1898  Oct.  12, 
at  8".4,  followed  by  a  slightly  slower  fall  to  11". 6,  when 
last  seen  1899  Jan.  8.     Applying  this  curve  to  the  previ- 


ously observed  points,  a  minimum  i>  suggested  aboul  ls;i7 
Sept.  In,  <13",  and  a  maximum,  1898  Jan.  24.     The  period 

seems  to  be  about  284  days. 

7792.     SS  Cygni. 

Since  the  report  in  A.J.  441,  I  have  observed  the  follow- 
ing maxima : 

Short,  1898  July  21.8  Long,  1898  Sept.    9  r. 

Nov.  13.0  ls'.m  Jan.   10.5 

Detailed  results  will  be  found  in  Popular  Astronomy  for 
March,  1S99,  where  I  have  deduced  the  following  elements 
for  the  time  of  passing  9". 35  on  the  rise: 

For  short  maxima,     T  =  1897  Apr.  24.0+107.7^+1.1  !■:- 
For  long  maxima,       T  =  June   4.4+112.6  #+0.7  E* 

The  residuals  from  these  elements  since  the  above  zero- 
epochs  vary  from  —4.2  to  +  3.9  days. 

7896.  V  Pegasi. 
The  star  was  first  seen  this  season  with  the  Yerkes 
12-inch  1898  June  27,  at  about  13".  It  rose  steadily  to  a 
maximum  Oct.  1  at  8". 5,  then  fell  at  the  same  rate  to  12" 
at  the  last  comparison  1899  Jan.  8.  The  maximum  magni- 
tude is  based  on  the  DM.  estimates  of  +  5°4920,  8". 8 ; 
4927,  9". 4 ;  and  4929,  8". 4.  A  neighboring  comparison- 
star,  +  5°4922,  whose  DM.  place  is  21h  53m  12-.8,  +5°25',3 
is  wrong  both  in  the  DM.  catalogue  and  chart.  Its  place 
is  53m  17s.6,  +5°  22'.8,  (1855). 

8324.  V  Cassiopeae. 
I  have  15  observations  between  1898  Oct.  15  and  1899 
Feb.  15,  showing  a  steady  rise  from  10". 3  to  a  maximum, 
7". 4,  1898  Dec.  22,  and  a  fall  to  10".2  at  the  last  compari- 
son. The  8  maxima  and  8  minima  observed  since  1894 
give  the  elements  of  maximum  : 

1893  Nov.  25  (241  2793.8)  +  231.47  #  ,  M-m  =  114J. 

Including  the  Harvard  and  DM.  observations  (A.J.  358) 
the  elements  become 

J.I).  241  2794.9  +  231.20  E 


A  NEW   STAE  LK   SAGITTARIUS. 


Prof.  E.  C.  Pickering  announces  that,  from  an  examina- 
tion of  the  Draper  Memorial  photographs,  Mrs.  Fleming 
has  discovered  a  new  star  in  the  constellation  Sagittarius. 
Its  position  for  1900  is  «  =  18"  56m.2  ,  S  =  -13°  IS'. 
It  was  too  faint  to  be  photographed  on  eighty  plates  taken 
between  1888  Oct.  18,  and  1897  Oct.  27,  although  stars  as 
faint  as  the  fifteenth  magnitude  appear  on  some  of  them. 


It  appears  on  eight  photographs  taken  while  it  was  bright. 
On  1898  March  8,  it  was  of  the  fifth  magnitude,  and  on 
1898  April  29,  of  the  eighth  magnitude.  A  plate  taken 
1S99  March  9,  shows  that  the  star  is  still  visible  and  is  of 
the  tenth  magnitude.  Two  photographs  show  that  its 
spectrum  resembles  those  of  other  new  stars.  Fourteen 
bright  lines  are  shown,  six  of  them  due  to  hydrogen. 
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A   NEW    SATELLITE   OF    N.I  7V  7/ A'. 


Prof.  E.  C.  Pickering  announces  that  a  new  satellite  of 
Saturn  has  been  discovered  by  Prof.  William  II.  Pu  keb- 
ing  at  the  Harvard  College  Observatory.  It  is  three  and 
a    half   times    as   distant   from   Saturn   as    Tapetus.     The 


period   is  about  seventeen  months,  and  the  magnitude  is 
15.5.     The   satellite   appears   upon    four  plates    taki 
the  Arequipa  Station  with  the  Bruce  Photographic  Tele- 
scope. 


OBSERVATIONS   OF    A.STEROIDS    AND   COMETS, 

MADE    AT   THE    U.S.    \\VAI.    OBSERVATORY    Willi     1111.    12-INCH    EQUATORIAL, 

By  Prof.  EDGAR  FEISBT,   V.S  N. 
[Communicated  by  Prof.  Wm.  Harkness,  P.S.N.,  Astronomical  Director.] 
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Mmn   Places  for  1898.0  of  Comparisonr Stars. 
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OBSERVATIONS  OF  COMET  <x  1899, 

MA  UK    WITH    Mil.    12-INCH    rELESCOPE   "I     I  in.    LICE    OBSEBVATOBY, 

Bv  WILLI  \M  .1.   BUSSEY. 
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ELEMENTS   OF   COMET  a  1899  {swift), 

Bv   WILLIAM   J.   HUSSET. 

From  my  observations  of  March  4,  5,  and  6,  I  have  ob- 
tained the  following  elements  of  the  orbit  of  this  comet. 
According  to  these  elements  the  comet  will  again  be  visible 
after  passing  the  sun,  and  from  May  will  be  in  good 
position  for  observation  at  northern  observatories. 

Elemj  \  cs. 
T  =  1899  April  13.26427  Gr.  M.T. 


0  -  C : 

0  =   +  :;".<)    , 


J/3  =    -4  ".9 


a  =  4  5111.1 

8  =  23     8    15  2 

i  =  146     3   12.6 

logy  =  9.537504 


1899.0 


CONS!  IM-    FOB    I  111     Eqi   ltob    1899.0. 


x  =  r(9.989282)  sir    »H    75  25 

y  =  r(9.995654  -  L63  32  37.9) 

z   =   r(9.41617J  41  46  33.0) 


NOTES  ON  THE  PROBLEM  OF  THE  SUN'S  MEAN  TEMPERATURE, 

Bl    SIMON    NEWCOMB. 
Dr.  Chessin's  remark  in  A.J.  456  does  not  seem  to  me     is  the  temperature  Z"  necessary  to  maintain  the  equilibrium 


well  founded.  The  problem  is  this :  The  parts  of  a  spheri- 
cal gaseous  mass  .1  are  kept  in  equilibrium  between  the 
force  of  their  mutual  gravitation,  and  of  their  elasticity 
due  to  temperature.  To  preserve  this  equilibrium  let  there 
be  an  absolute  temperature  7'0,  which  may  increase  from 
the  surface  to  the  center.     V     .     •  oi  heat 

let  the  radius  of  the  mass  .1  contrai  o  /.'.     What 


of  the  mass  alter  contraction  '.'     The  formula  given  I 


T  = 


K 


doubt.     1  how  hydro- 

dynamic  laws  enter  into  the  question. 


Bl     \.  S.  i  111  SSIN 


With  regard  to  Prof .  Newcomb's  remark,   1 

that  I  did  not  raise  the  question  as  to  whether  the 
law  which   I>r.  Seb  calls  his  (and  which,  more  coj 
should  be  called    Bitter's,  who  expressed  it 
Dr.  See  states  himself),   was  at  all  plausible  or  uot.     I 
simply  objected  to  Dr.  See's  derivation,  in  the  con 


which,  as  I  have  si  .:  which  he 

wants  to  pri 

Ls  to  principles  of  hydrodynam 

suffices  to  point  oul  the  inadmissible  assump- 

f    uniform    density   throughout    a  dy   in 

dynamical  condition  («.  I.  contraction  and  i 
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SUNSPOT  OBSERVATIONS,  JANUARY-JUNE,  L898, 
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On  the  dates  omitted,  clouds  prevented  any  observations.      The  small   number  of   spots  for  the   last  three  months,   as  compared 
with  the  first  three,  is  very  apparent. 
Charlottesville,  1S0S  Nov.  1. 
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Communication  Concerning  the  Publication  of  an   Annual   Astro- 
nomical Report. 

I  intend  to  publish  an  Astronomischer  Jahresbericht  mit  Unter- 
stiitzung  der  Astronomischen  Gesellschaft.  it  will  give  short  reports 
of  all  the  works  on  astronomy,  astrophysics  and  geodesy,  both  practi- 
cal and  theoretical,  which  have  appeared  during  the  year.  The  first 
volume  will  appear  in  1900,  and  will  contain  reports  of  all  the  publi- 

*  Frum   Supplement  to  Astronomical  Journal,  No.  457. 


NOTICE* 

cations  of  1899.     Not  wishing  to   overlook  anything,   I  should   be 
much  obliged  if  all  authors  of  such  publications,  appearing  as  single 
books  or  articles  in  journals  not  usually  destined  and  used  for  astro- 
nomical publications,  would  kindly  communicate  them  to  me. 
Walter  F.  Wismcenus,  Ph.D., 

Professor  at  the  University. 
Strassburg,  (Elsass)  Nicolausring  37,  1899  January. 
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2  18  47.39 

+  0.53 

+  55  38  28.1 

+3.0 

"              2226 

54 

2  41    19.03 

+  0.70 

+  50     8     7.s 

+3.2 

..      2528 

55 

2  57  :,■_!.:,:; 

+  0.78 

+  50  18  17.5 

+  3.4 

«              »         «        ••      2737 

56 

3     2   18.43 

+  0.82 

+  50  14  25.3 

+  3.5 

"         ••         •'      2799 

57 

3     ii  48.77 

+  O.S1 

+  50   15  17.1 

+  3.3 

..      2770 

58 

3   L8   11.92 

+  0.94 

+  56  18  49.2 

+  3.1 

Micrometer-comparison  with  %5:i 

59 

3   16  22.2] 

+0.94 

+  56  18  51.9 

+  3.0 

Helsingfors-Gotha  A.G.  Catal.  2962 

60 

:;  23  20.93 

+0.99 

+  56  10  28.0 

+  3.1 

Micrometer-comparison  with  ^01 

61 

3  23  58.  ll 

+  0.99 

+  50     5  31.2 

+  3.1 

Helsingfors-Gotha  A.G.  Catal.  3037 

62 

3  29   15.00 

+1.03 

+  50  24     3.0 

+3.1 

"                   «      309S 

63 

3  29   15.00 

+  1.07 

+  50  24     3.6 

+  3.0 

«      3098 

64 

3  34  25.98 

+1.12 

+  56     8  45.0 

+  3.0 

«        «        «      3154 

65 

3  38  38.42 

+  1.15 

+  r,c>  14  11.2 

+3.0 

"      3190 

66 

:;   13  36.2] 

+  1.18 

+  50  14    17.3 

+3.0 

Micrometer-comparison  with  ^07 

<;: 

3   17  17.30 

+  1.18 

-1-50  12  11.0 

+  3.1 

Helsinirfors-Gotha  A.G.  Catal.  3269 

68 

3    17  17.30 

+  1.22 

+  50  12  11.0 

+  3.0 

«      3269 

69 

3  51      L.88 

+  1.24 

+  50  1(1  50.0 

+2.9 

«      3295 

70 

3  54  29.84 

+  1.20 

+  50     5  50.:  1 

+  2.8 

«      3327 

71 

3  54   15.61 

+1.26 

+  50     4     9.9 

+2.8 

..      3325 

72 

1      1    15.74 

+1.29 

+  50     <j  35.9 

+  2.8 

••      3395 

73 

4     5   17.. '15 

+1.34 

+  56     2  35.1 

+2.5 

"         '<      3428 

74 

1    16  47.81 

+  1.45 

+  55  50  58.5 

+  2.1 

"      3528 

75 

4  23  23.62 

+  1.53 

+  55  39  47,1 

+  2.0 

3584 

76 

4  23  23.62 

+  1.57 

+  55  39  47.4 

+  1.9 

»      3584 

77 

1  25  20.43 

+1.56 

+  55  36  32.4 

+  1.9 

"              "         "         "      3609 

78 

4  31  36.91 

+ 1 .58 

+  55  32     9.5 

+  1.7 

»      3665 

79 

1   35  42.97 

+1.65 

+rc,  i'o  39.1 

+  1.6 

"              "         "         "      3708 

80 

1  35    12.97 

+  1.07 

+  55  L'o  39.] 

+  1.5 

»        "        «      3708 

81 

4  35  42.97 

+1.70 

+  :,:<  20  39. 1 

+  1.4 

«             »        "        ••      :;7o.s 

82 

4  43     9.74 

+1.72 

+55  11  32.1 

+  1.3 

1  Hels.-Gotha  A.G. Catal. 3773+ Rogers  1975) 

83 

4  46    12.58 

+  1.73 

+55     5  20.0 

+  1.1 

V  (Hels.-Gotha A.G.  Catal.  3795  +  Ro 

jeis  2000) 
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* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

84 
85 

4h46m42*58 

4  56   19.25 

+  1.78 

+ 1 .88 

+  :>:,    :,  iv.y, 
+  54  .-.o  39  ii 

+  1.0 

'  ii.:. 

KHi                                       15+  Roge 
.  i  lamb.  A.i  1 

86 

5  12  58.31 

+2.13 

+  54     8  46.4 

-0.4 

2146 

87 

5  12  58.31 

+2.16 

+  54     s  46.4 

-0.5 

a          »          ..      21  16 

88 

5  21     8.07 

+  2.17 

+  54      I      l.i 

-0.7 

"            "         •■         ••     2196 

89 

5  21     8.07 

+  2.20 

+  54      1      1   1 

-0.9 

"         "         ••     2196 

90 

5  30  28.13 

+  2.34 

+53  42     9.1 

- 1 .5 

Micrometer-comparison  with  *91  and  $92 

91 

5  31  13.78 

+2.34 

+  53    is  28.9 

-1.0 

Rogers,  <  lamb.  A.G.  Catal.  2250 

92 

5  31    14.53 

+  2.34 

+  5:;   is  :;i;.<; 

-1.6 

it            u        ..         ..     2251 

93 

5  30  40.88 

+  2.37 

+  5:;  30  25.6 

-1.6 

«            "         ••         •■     2245 

94 

5  31  47.44 

+2.37 

+  53  27  53.9 

-1.6 

••     2256 

95 

5  34     2.71 

+2.40 

+  53  27  45.3 

-1.7 

"            2268 

96 

5  34     9.90 

+  2.41 

+  53  29  23.9 

-1.8 

«         ..         ..     2270 

97 

5  34     9.90 

+  2.44 

+  53  29  23.9 

-1.8 

"         ••         •■     2270 

98 

5  34     2.71 

+  2.44 

+  53  27  45.3 

-1.8 

•'            "        "         ■■     2268 

99 

5  42  44.52 

+2.50 

+  53  11  20.8 

—  2.2 

•■     2315 

100 

5  42  4  1.51 

+2.52 

+  53  11   20.8 

-2.4 

2315 

Kil 

5  47  27.12 

+2.57 

+  52  57  30.9 

-2.7 

«        (i         ..     2342 

102 

5  48  18.77 

+2.60 

+52  ;,:,  19.2 

-I'.O 

2353 

103 

5  49     6.77 

+  2.64 

+  52  51     ;;.:; 

-3.0 

2357 

104 

5  51  10.88 

+2.68 

+52    in  5S.7 

-3.2 

2368 

105 

5  52  38.53 

+2.80 

+  52  42     6.:; 

-3.4 

Micrometer-comparison  with  *  1<>4 

106' 

5  5  1  30.29 

+  2.76 

+  51  39  34.5 

-3.5 

•  • 

107 

6  14     6.06 

+  3.14 

+  51    50  30.5 

-5.4 

.  Camb.  A.G.  Catal.  2478 

108 

6  14     6.06 

+3.18 

+  51   5ii  30.5 

—  5.5 

"            2478 

109 

6   13     5.11 

+  3.23 

+  51    n;     1.5 

-r,.r, 

1171 

110 

6  21  48.91 

+  3.38 

+  51   L'6  38.5 

-6.3 

2518 

111 

6  21  48.91 

+3.42 

+  51   ir.  38.5 

-6.5 

2518 

112 

6  24     9.66 

+3.53 

+  51   17  45.05 

-6.9 

Tucker,  I.  ( I,  Mei  idian  Cin  le,  D.W 

113 

6  26  23.98 

+  3.61 

f  51    in   1  l.n 

-7.2 

'            Camb.  \  i:  Catal.2542 

114 

6  26  23.98 

+  :\y,c, 

+  51     10    11.0 

-7.3 

2542 

115 

6  34   11.62 

+  4.14 

+  5o   i;;  33.7 

-8.8 

Tucker,  L.<  •  Meridian  <  lircle 

116 

6  34   11.62 

+  4.19 

+  5o  43  33.7 

-8.8 

.. 

117 

6  34     8.73 

+4.43 

+  5o   i:;  i'l. 0 

-9.1 

.. 

118 

6  :;i  11.62 

+4.43 

+  5o   13  33.7 

9.1 

.. 

119 

6  :;l     8.73 

+  4.47 

I  5o   i:;  22.9 

9.2 

.. 

1 20 

6  :;l   11.62 

+  4,17 

+  5o   13  33.7 

o  2 

.. 

121 

6  34  35.36 

+  4,16 

f-50    13   ins 

-9.:; 

122 

6  34     8.73 

+4.51 

+  5o   i::  22.9 

-9.3 

.. 

123 

6  :;i    L1.62 

+  4.51 

+  5o   13  ;;;;.: 

o.:; 

.. 

124 

6  ;;i  35.36 

+  1.51 

+50    i:;   18.8 

-9.4 

.. 

1 25 

6  26   56.51 

5 .  ;i  i 

+  5o  28  i'l. 7 

-9.3 

Micrometer-comparison  with  $126 

126 

6  I'.s  18.03 

;   5   19 

+  5o  29    18.98 

9.5 

,L.O.Mi  fid  Cin  e,  *  i    B.D    1 

50  1320 

127 

6   I'l    42.36 

+  5.79 

+  50  i'l   55.7 

S.I 

Micrometer-compai  ison  \\  Lth  *  128 

L28 

6  20  23.96 

+  5.79 

+  5o  20     7.9 

-8.4 

.  Camb.  A.G.  <'at.il  2507 

129 

6  l<)  32.65 

+  5.SS 

+5o  in  57.;; 

s.l 

Micrometer-comparison  with  $138 

130 

6   16     7.19 

+  5.74 

+  :>n  21    1  1.3 

8.9 

|tl31 

i:;l 

6   15   10.40 

+  5.76 

+  50  27  32.7 

Rogers,  Camb    LG.  Catal.  2481 

132 

5   lit    1  l.ss 

+  6.01' 

I  l:i  28  33.4 

-2.9 

Micrometer-comparison  w  ith  *  133 

133 

5  5:;  26.95 

+  6.92 

'  10  29    6.8 

1.0 

Bonn  AG.Catal.  1905 

l:;i 

5   i:  59.39 

+  6. '.15 

1    10   17   59.1 

2.9 

Micrometer-comparison  with  $133 

135 

5   15  55.62 

+6.98 

+  49  17  :>■:<■ 

2.0 

••     $136 

L36 

5  43  44.13 

+6.99 

1   10   is  34.5 

17 

Bonn  A.G.  Catal.  4769 

L37 

5    III   17.05 

1  7.06 

+  lo     6  22.3 

0.9 

M  icroii                     i  ison  with  *  138 

L38 

5  38  39.29 

+  7.(17 

+49     5     hi 

0.6 

Bonn  A.G.  Catal.  1699 

L39 

:,  38  39.29 

+  7.11 

+49     5     o.i 

0.5 



1  in 

5  37     1.33 

+  7.06 

+48  56  25.6 

m 

1687 

1  II 

5  33  21.1-6 

+  7.19 

i  is  39    li'.l 

•  ii  : 

Micrometer-comparison  with  $142 

1  12 

5  38  53.46 

+  7. IS 

+  4S  .",6  lit; 

-0.2 

Bonn  A.G.  Catal.  1 

i  ii  i:     as'I'i;  ONOMICAL    JOE  B  N  A  I. 


N°  459 


,i  indicates  thai  -In  was  measured  directly  with  the  micrometer. 
i   .    .  \  |.r  il  8,  10,  Maj  6,  13,  28, 

ii   25,   I  23,  2§,  SO  and  subs< ntly,  were  made  with 

Inch  equatorial.     Ail  the  others  were  made  with  the  12-lnch 
equatorial. 

Position  angle  ol  tail 


p 

h. 

Stand   Time 

Paclfli              1 

March 
Apr! 

19 

l:: 

Ii        in 
17     10 
1 5     1 5 
l.-,     50 
15     30 

281.2 
277.4 
287.2 
202.9 

i.pril  17     15    45 

18     16      0        298.2 
21     16      0        299.5 
23     15    30        306.0 

Murri,  mill.  Cornel  bright,  equals  a  6"  or  7"  star.     The  coma  is 
aboul  2'  in  diameter  and  lias  a  bright  condensation  10*  in  dial 
There  isa  broad  Can-shaped  tail  which  can  be  traced  fori    in  the 

I  [nch   cornel    seeker.      Cornel    i mes   invisible    in    the  twilight 

.ti   17b  i.y-  p.St.T.  »iili  the  12-inch  equatorial  and  power  of  150.— 

2isi    Come)    is   iusl    visible   to  naked   eye.      <  il    ceased  to  be 

visible  in  di>  dawn  ai  IT"  (•".'"  P.St.T.  Bigh  north  wind  50  60  miles 
per  hour.  22d,  Nucleus  quite  sharp.-  26th,  The  36:inch  equato- 
rial using  powers  270  and  520  showed  a  fan-shaped  streameror  jel 
on  a  i.  side  of  the  nucleus.      28th,  High  north  wind  sways  telescope 

some.      Seeing  )>•>< .r.        2'.Mh,   Comet  has  very  .sliarp  stellar  nucleus  of 

8«.  _1  April  2d,  Cornel  seems  fully  as  bright  as  at  discovery.  Nu- 
cleus and  tail  very  distinct.  Sd,  Cornel  bright  and  easy  in  moon- 
Hghl       fail  can   be  traced  for  10'.     Nucleus  quite  distinct.  —  4th, 

Comel   fainter;    nucleus  not  so  sharp.        lilli,    Comet    easily  seen.  I. ill 

moonlight  cuts  off  some  of  the  outer  fainter  nebulosity  and  the  tail 
Is  scared]  visible.     Nucleus  seems  quite  sharp  at  times.     Skj  milky. 

seeing  good.  —  7th,  Nucleus  U  sharp  and  about  as  bright  as  the 
comparFsim   star  of  9M.      With   power  of  5011  a  distinct    fan-shaped 

jet  is  to  be  seen  iii  the  head.  With  ibis  power  the  nucleus  is  not 
quite  as  sharp  as  a  star. —  10th,  High  north  wind  jars  telescope. 
Seeing  poor.  -11th,  Nucleus  fully  as  bright  as  comparison  star 
(9".S).  North  wind  shakes  telescope.  —  17th,  Long  slender  tail  visi- 
ble with  the  12-inch  equatorial  In  the  6+inch  comet  seeker  the  tail 
is  fan-Shaped  and  rather  broad  at  the  end.  The  nucleus  is  about 
9".5  and  fairly  sharp.  The  cornel  is  just  visible  to  the  naked  eye.  — 
19th,  Observation  stopped  by  clouds.  —  -.'1st.  Nucleus  sharp:  94" 
or  a  little  fainter.  The  jet  in  the  head  can  still  be  seen.  With  the 
64-inch  comet  seeker  the  nucleus  seems  to  be  about  one-half  a  mag- 
nitude brighter  than  with  the  12-inch  equatorial.  — 22d,  Nucleus 
seems  brighter,  9".0  or  brighter. —23d,  Comel  just  visible  to  naked 
eye.  _24th,  Nucleus  sharp  and  fully  as  bright  as  IP'.:..  —  25th,  High 
north  wind  disturbs  telescope.  —  26th,  Nucleus  sharp  when  seeing  is 
best,  94".  Wind  disturbs  telescope.  —  29th,  Clouds  and  a  gustj 
wind  interfere  al  times.  —  Itay  2d,  Comet  fainter  than  on  April  29. 
Nucleus  is  not  sharp  although  the  seeing  is  fair.— 5th,  Nucleus  not 
brighter  than  10*.  —6th,  30-inch  equatorial,  power  020.  Condensa- 
tion in  the  bead  is  bright,  but  can  detect  no  stellar  point,  possibly 
owing  to  rather  poor  seeing.  The  jet  s.f.  the  nucleus  is  very  plain 
when  seeing  is  best. —  8th,  Comet  seems  considerably  brighter  than 
at  time  of  last  observation  with  12-inch  (May  5).  — 10th,  Nucleus 
pronounced.  —  11th,  Nucleus  still  visible  but  faint. —  13th,  Some 
clouds,  seeing  poor.  -10th,  Comet  much  fainter;  coma  2' in  diam- 
eter. Nucleus  fairly  sharp,  11".  Can  trace  some  tail-.  Comet  easily 
visible  in  tinder.  —19th,  Comet  faint,  nucleus  of  11"  visible.  —  20th, 
25th  and  28th,  Clouds  prevent  a  complete  observation  —  29th, 
Comet  has  nucleus  of  about  11M,  which  is  sharp  during  intervals  of 
best  seeing.  —  Jiim  2d,  High  north  wind  shakes  telescope  badly  at 
times.  There  is  a  well-marked  condensation  and  a  nucleus  can  be 
seen  at  times.— 3d,  Comet  rather  faint.  Cannot  see  stellar  nucleus. 
Mb  Comet  faint  but  can  see  a  stellar  nucleus  of  11M-12M.  Seeing 
good.— 6th,  Nucleus  is  sharp,  but  faint.  —  9th,  Comet  ratherfaint. 
Candetecl  nucleus  at  times,  but  it  is  faint,  not  brighter  than  124" 
or  13".  The  coma  is  about  I' in  diameter.  —  10th.  Comet  easj  to 
measure.  Nucleus  pronounced  when  seeing  is  best.  Seeing  poor. 
—  11th,  30-inch  equatorial,  power  270.  Nucleus  12"-13".  —  12th, 
Somel  easy  to  measure.  Nucleus  distinct  and  11"-12".  —  14th, 
Comet  has  a  well-defined  nucleus  of  12".  Coma  1'  diameter.— 
17th,  Comel  is  largerand  the  nucleus  brighterthan  Comet  e.  —  19th, 
Comet  not  brighter  than  10".  — 22d,  Nucleus  is  about  13".  — 23d, 
Can  still  see  a  nucleus  which  is  sharp  but  very  faint.  A  tail  A0  long 
can  be  seen  with  the  64-inch  comet  seeker.  The  brightness  of  the 
whole  comet  is  just  about  the  same  as  that  of  Comet  c,  but  the  nebu- 


losity about   the  nucleus  is   much   less  bright   (Intrinsically)  than 

25th,  There  if  a  nuch  us  to  <  omet  b,  I    oi  2 
The  nebulosity  surrounding  the  nucleus  is  weaker  than  in  Cot 

28th,  tel  faint,  bul  the  nucle  fainter  Is  still  risible, 

i  detect  nucleus.     Verj  Bmol 
9th,  36  inch  equatorial.    Comel  has  a  nucleus  of  14".—  11th,  i  omel 

faint    and    rather   bard   to   anile.        l-'tb.   (omit    faint    and    rather 

bard  to  measure.  Can  distinguish  a  verj  fainl  nucleus.  16th, 
Comel  fainl  and  not  easy  '"  measure.  Not  brighterthan  12".  '  an 
just  detect  a  nucleus.      17th.  Comel  nol  brighterthan  12"  or  124". 

—  18th,  36-inch   equatorial.    «' si    V  In   diameter,    iij"   or  12". 

of  il"  visible.  —  22d,  <  omet  124"  or  18".  Can  just  de- 
tect the  faintest  possible  trace  of  a  nucleus.  23d,  Comel  12"  18" 
and  has  a  nucleus  of  14".  26th,  The  comparisou-stai  used  in  ibis 
observation,  2  810       Rogers  2858,  is  double.     Position-angle  245  .". 

ilist; 3". 21    from  an  observation   with   the   12-inch  equatorial  on 

duly  20.     The  magnitudes  are  9.4  and  9.8.     As  the  brighte npo 

nent  was  used  in  the  comei  measures  and  the  catalogue  place  is  the 
mean  of  the  two,  the  mean  place  used  iii  the  reduction  includes  a 

.-it  i.  hi  of    f"0M6  in  a  and  +0*.7  in  8.    -27th,  Comel  faint,  124" 

or  13".-  29th,  Comet  18",  nucleus  16".  —  August  12th,  Comet 
13"  14":  faint  and  not  easj  to  measure.  V  in  diameter.  Some 
haze. —  13th,  Comel  faint,  14".  —  14th.  Comet  f  or  1' in  diameter; 
sharp  but  faint  nucleus  of  164".—  2nth.  Comet  15".  Very  faint 
central  condensation,  |' to  1' diameter. — 21st,  Comel  fainter  than 
last  night,  probably  owing  to  proximity  of  stars.  Comel  round  and 
condensed  at  center.  24th,  Comel  14".  Jual  faintest  possible  nu- 
cleus. -26th,  Comel  seems  brighter  than  at  last  observation. — 
September  9th,  Comet  16".  Some  moonlight.  —  17th,  (omet  faint, 
16";  about  Hi"  in  diameter.  There  are  traces  of  a  nucleus.  -  1Mb, 
Comet  154"  '"'  16".  — October  8th,  (omet  very  faint;  difficult  to 
measure.  Skj  nol  verj  pure.  —  llth,  Comet  fainl  and  difficult,  16*M. 
Seeing  poor.     Wind   shaking   telescope.       19th,    Comet    10"   15*   in 

dia ter  and   faint.       November  6th,  Comel  verj  faint,   161";    10' 

in  diameter;  slightly  brighter  al  the  middle.  7th.  Bigh  north 
wind.  Some  faint  stars  near. — 8th,  Comet  164"  17".  12th,  Comel 
somewhat    brighter  and   easier  to   measure,  notwithstanding  there   is 

some  - be  in  the  air.    S e  wind  from  the  north  sways  telescope. 

—13th,  Co t  verj  faint  and  difficult.    Considerable  haze.  —  15th, 

Comet  faint  and  difficult;  near  16". 5  star,     (omet  164*   17". 

The  stars  Rogers  A.G.  Catal.,  nos.  2577,  2580  and  2583  were  used 
as  comparison-stars  on  September  16,  17  and  IS.  as  the  comet  was 
then  almost  stationary.  A  comparison  of  the  resulting  places 
showed  a  systematic  deviation  in  declination  of  those  places  in 
which  2577  had  been  used.  A  deviation  in  right -ascension  was  no- 
ticed in  the  case  of  2580.  The  intervals  between  the  stars  were 
measured  with  the  12-inch  equatorial  on  November  1.  and  a  discrep- 
ancy of  about  .". "  in  rt  was  found  in  the  case  of  2.".77.  There  are  four 
observations  of  this  star  in  Urn.  bus's  zones  in  pairs  one  year  apart, 
both  sets  agreeing  well.  There  is  also  an  observation  of  this  star  in 
B.B.  VI.     Following  are  the  different  results  reduced  to  1S98.0: 


ll.B.  VI.  1337 
Rogers  A.C.  2577 
Tucker.  L.O.  M.C.  1S9S 


6     34 


+50    43 


8.60 
8.73 


40  2 

28.9 

22.11 


The  Bonn  observation  is  incomplete.  From  the  Rogers  and  L.O. 
places  it  seems  probable  that  the  star  has  an  annual  proper  motion 
of  — 0".25  in  8.  No  safe  conclusions  can  be  drawn  from  the  a 
positions. 

Following  arc  the  places  for  1898.0  of  Rogers  A.G  2580: 


B.B.  VI.  1338  ( 

Rogers  A.G.  25S0 
Tucker.  L.O.  M.I  .  1898 


11.63 
11.92 
11.62 


+-50     43 


Rogers  A.G.  2583  was  also  reohserved  by  Professor  Tuckeb,  and 
the  results  are  in  good  agreement  with  Rogers's  and  the  Bonn 
places. 

Professor  TUCKEB  has  very  kindly  observed  a  number  of  compari- 
son-stars with  the  meridian  circle. 

Mr.  F.  E.  Ross,  Fellow  in  Astronomy,  lias  assisted  in  the  observ- 
ing work,  especially  with  the  30-inch  refractor  and  in  the  checking 
of  some  of  the  reductions.  5Ir.  R.  T.  Cbawfobd,  Fellow  in  As- 
tronomy, has  assisted  in  checking  the  copy. 
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ON    THE    LAW    OF   TEMPERATURE    IN    GASEOUS    BODIES, 


By  C.   M.   WOODWARD. 


The    demonstration   of    the   formula,      T  = 


K 

ir 


W  1 1  i  i  •  1  j 


Dr.  T.  J.  J.  See  published  in  .-/.•/.  155,  ought  not  to  pass 
without  protest. 

I  cannot  make  my  criticism  clear  without  giving  his  as- 
sumptions and  his  line  of  proof. 

1.  He  assumes  that  agaseous  globe,  the  equation  of  the 

P 

gas  being     —  =  CT,     has  a  definite  surface  whose  radius 

is     i?0     and  that  at  the  surface  the  pressure  is     Pt<     and 
the  density     cr0.     Now,  there  is  no  good  reason  to  suppose 
that  a  pure  gas,  unrestrained  save  by  the  mutual  at!  i 
of  its  particles,  has  a  definite  limiting  surface. 

2.  Me  assumes  that  the  pressure  at  B.  is  directly 
measured  by  the  weight  of  an  element  of  mass;  whereas  it 
is  the  variation  in  the  pressure  which  is  measured  bj  the 
weight.     Thus  the  weight  of  an  element  of  mass  of  the  gas 


whose    volume    is 


dSdR,      is      —£$*■,     ami  tins 
o 

equals,  not     PdS    as  Dr.  See  assumes,  but     dPdS. 

.'!.  By  considering  the  force  of  gravity  as  a  sort  of  ex- 
terior  solid  piston  pressing  upon  the  gas,  and  then  fancy- 
ing that  while  the  globe  contracts  the  piston  becomes  both 

heavier  and  smaller,  he  arrives  at  the  i elusion  that  the 

intensity  of  pressure  is  inversel]  as  the  4th  power  of  the 

the   contraction    being    from 


radius,   or     P 


<1 


//  to  /,'.  In  point  of  fact  this  value  of  P,  arrived  at 
from  two  false  premises,  is  utterly  wrong.  /'  is  really  in- 
.1 


versely  as    R-, 


I'  = 


A"- ' 


as  is  shown   in    mj 


,i,i.    Saint  Louis,   tfo.,   Is'.i'.i  March  29. 


road  be  Li   tie  Academy  i 

L899. 

I.     Dr.  Ski:  gives  coi  recti]  the  ral 
fore  and  after  contract  ion  as 


S 


This  follows  from  geometry  alone. 
5.      Dr.  See  now  reasons  ;ts  follows: 


Since 


=    CT 


and  since 

P 

=    /»,  |t      and      o- 

= 

■' 

1. 

' 

by 

si 

■  ion,  that 

__ 

K 
R 

The  conclusion  is  false  for  the  reason  that  the  value  of  /* 
is  false. 

Dr.  See  appears  to  forget  that  when  the  volume  of  a 
given  mass  of  gas  is  fixed  l>\  other  considerations  the  pres- 
sure is  independent  oi  the  force  of  gravity. 

Dr.  See  leaves  the  problem  of  temperature  still  an: 
i  of  finding  the  temperature  from  the  | 
temperature  is  to  be  determined  by  the  principle  that  the 

of  temperature  during   contraction    mi  si 
to  render  the  force  of  mutual  attraction  sufficient  to  do  the 
work  of  compression. 

For  a  solution  of  thai   problem,  I  beg  leavi 
my  paper  mi 


OBSERVATIONS   OF   COMET  VII    L898, 

MAD)     i'.  I  l  II     l  ill     12-INCH     fELESCOPl     ■■!     nil     LICK    OBSERVATORY, 


\\\    E.   I'.   CODDINGTON. 


1899  Mt.  Hamilton  M.I'. 

* 

No. 

- 

t 

/S 

4      -   apparent 

log  rA 

la 

.    a 

8 

Feb.    6     7     7   is 

1 

8,8 

+   4.42 

1 2.9 

h      hi       • 

37.42 

37  - 

9.474 

8     6  57     1 

3 

8  .  8 

-r-18.85 

— 0  28  2 

16   13.49 

36  22    18  5 

9.452 

ii    7    s  ;50 

5 

8,8 

U.23 

-HI   24.1 

20     6.99 

13     7     '.1     '.1 

7 

8,8 

L3.75 

-5  56.4 

22   H.93 

33  51      : 

9.514 

15     7  11  49 

9 

8,8 

+  41.02 

+  2  1  1  6 

2  25   15.31 

32  52   L8.1 

- 
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Mean    Places  for  1899.0  of  Comparison-  Stars. 


* 

a 

Red.  to 
app.  place 

s 

app,  place 

Authorit) 

1 

._,    ,..  ..._,',._. 

+  o*ss 

37  31    25.5 

:  9 

DM.      37  872.     Connected  with  *2 

•' 

13     8.05 

0.87 

37  36  10.2 

8.0 

d'a  Zone-Catalogue.     2  330 

:; 

1  ,">  .">:;. 7  7 

0.87 

36  22   12.9 

7.1 

d  with  %  1 

i 

13     2.77 

us:, 

36  27     6.8 

7.6 

Gould's  General  1                 2338 

5 

L'n  47.36 

0.86 

34  54  52.0 

i  .'•> 

10".     (' scted  with  *(i 

(i 

L'o   18.96 

0.86 

35     I   33.1 

::.; 

<  rould's  Zone-I  latalogue.     2  536 

7 

22  54.84 

0.84 

33   H    15.0 

7.1 

( ionnected  with  *s 

s 

21    is  II 

0.83 

33  38     1  1 

7.ii 

d'a  <  reneral  Catalogue  2521 

0 

24  33.48 

0.81 

32  54   25.8 

6.9 

10".     Connected  with  *  1<> 

10 

2  27  53.84 

t  (I.S2 

-33     3    9.5 

-7.1 

Gould's  General  Catalogue  2657 

The  comet  is  >iill   readilj  observable  with   the   12-inch  telescopi       I  hi    oba  nation   of  Feb.  15,  compared  with   the  ephemeris,  bj 
c.  .1.  M  1  1:1  1 1. i.i ■  (A.J.  154),  gives  the  following  residuals: 


l  '        C,      Ju 


Mi.  Hamilton,  1899  /■'  '.  21. 


COMETS   OF   THE    YEAR    L898. 

The  dates  are  in  Greenwich  .Mean  Time,  and  the  Elements  only  approximate. 


1  lesigna 
tion 

Perihelion 

Q 

0) 

«               8 

<P 

Discoverer 

Date 

Synonym 

I 

1898  Mar.  17.36 

262  32 

145     4 

72  27 

1.0985 

O          1 

Perrine 

18* 

Mar.    19 

h  1898 

11 

Mar.  20.39 

100  52 

17:;  21 

17    0 

0.9241 

15  37 

Perrine 

Jan.      2 

a  1898 

Winuecke'a 

III 

May  27. 80 

334  47 

183  59 

1  2  55 

0.3407 

.",7    19 

Tebbutt 

June  11 

,/  1898 

Encke's 

IV 

July    4.60 

206  27 

172   52 

25  12 

1.6035 

33  44 

Hussey 

June  16 

/"1898 

Wolf's 

V 

July  25.51 

27S   17 

22  25 

166  51 

1.5013 

Giacobini 

.1  mi.-    IS 

n  1898 

VI 

A.ug.  16.20 

259     6 

205  36 

70    2 

0.6265 

Perrine 

June  14 

e  1898 

VII 

Sept.14.05 

7:;  59 

233  16 

69  56 

1.7015 

Coddington 

June  1 1 

c  1898 

VIII 

Sept.  20.15 

95  51 

4  38 

22  30 

2.2693 

i  !hase 

Nov.  14 

/  189S 

IX 

Oct.  20.53 

34  56 

162  26 

28  51 

0.4195 

Perrine 

Sept.  12 

h  1898 

X 

Nov.  23.16 

96  20 

123  34 

1  Id  21 

0.7560 

Brooks 

Oct.    20 

;  isms 

NEW    ASTEROIDS. 


Communicated  by  Prof.  Kkeutz. 

1899  M.T. 

EG         ll':;         Mar.  2  12  36.'7     Heidelberg 


/■:•/ 

EK 


10.8 
12.0 


3   M)  31.2 

9    1  I    17..".      Vienna 


a 

8     . 

Daily  Motion 

Discoverer 

11  37    is 

+  3     6 

-30     +:• 

Wolf-Schvi  a 

15  20  20 

+  1    15 

-60     +8 

« 

12  28  47.5 

+  ii  21.4 

-36     +4 

Palisa 

CONTEXTS. 
Observations  of  Comet  1898 1,  by  <'.  D.   Perrine. 

On  the  Law  of  Temperature  in  Gaseoi  -  Bodies,  by  C.  M.  Woodward. 
Observations  of  Comet  VII  1898.  nv  E.  F.  Coddington. 
Comi  rs  OF  the  Year  189S. 
New  Asteroids. 
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THE   ORBIT   OF   £  HERCULIS, 

liv  ERIC  D00LITTLE. 


Two  discussions  of  this  orbit  have  been  recently  pub- 
lished; one  by  Dr.  See  (A.J.,  No.  357).  aud  one  by  Dr.  1  »o- 
beeck  i.l,.V..N'u..'M  18).  The  residuals  from  the  former  orbit 
are  small,  except  at  the  times  of  periastron  passage,  though 
they  exhibit  a  somewhat  systematic  periodicity  of  sign. 
Dr.  See  states  that  it  was  found  impossible  to  avoid  this, 
owing  doubtless  to  the  absence  of  observations  in  the  most 
critical  part  of  the  orbit. 

The  careful  aud  elaborate  investigation  of  Dr.  Dobi  Bi  8 
was  published  two  years  later,  and  this  included  tin'  obser- 
vations of  1895  and  1896.  which  were  of  much  value  m 
fixing  the  position  of  periastron.  The  residuals  in  this 
orbit  are  very  small,  also,  as  may  be  seen  by  the  table 
below,  and  the  systematic  occurrence  of  sign  is  almost 
entirely  absent.  Owing  to  the  scarcity  of  observations 
near  periastron,  however,  the  residuals  in  this  [.art  of  l  lie 
orbit  were  in  some  cases  exceedingly  large;  it  was  found 
necessary  to  reject  an  observation  of  I'i  kbowski,  based  on 
four  nights,  and  one  of  Struve  on  one  night,  as  the  resid- 
uals exceeded  30°.  The  recenl  observations  bj  Hussei 
which  are  two  years  from  periastron  are  also  16  in  error, 
and  all  of  these  errors  have  the  same  sign. 

The  above    orbits  well  which 

are  not  too  near  periastron,  ami  though  at  present  their 
epheinerides  differ  by  somewhat  more  than  30°,  bhe  pre- 
dicted places  will  !»■  practically  the  same  1>.\  L907.  This 
difference  seems  to  arise  principally  from  the  uncertainty 
of  the  time  of  periastron  passage,  thi 
which  element  is  especially  difficult  and  uncertain  in  this 
>ubit. 

The  following  investigation  was  begun  about  one  year 
ago.  upon  the  publication  of  Mr.  lh  ssi  r's  measures  i  l  .v.. 
No.  3 165).     Tin   e  are  bhi    only  observal  i      which 

were  mil   included  in  the  Lists  published  by  Dr.  Sei 
Hi-.  Doberi  k.     The  first    step    wa 
means  into  twelve  normal  places,  from  which 
rections  i  i  the  elements  were  found  in  the  usual  manner. 
The  two  hundred  and  sixty-eight   individual  observations 
were  then  combined  mi"  twenty-nine  normal  places.     Thi 


weights  depending  on  the  distance  were! 
the  expi 

where  in   many  eases  the  second  term  was  in 
and  a  second  series  of  weights  ned  eijual  I 

square  roots  of  the  numbers  of  nights   of  observation   in 
the   respective    normal   places.     By   this  meaj 
earlier  observation  has  the  same  weight  as  a  single 
vation  made  more  recently,  but  the  number  of  observations 
in  late!  0  greatly  in  excess  that  it  seemed  besl 

in  further  lower  the  weights  o  ei  positions 

tain  of  Otto  Stri  ve's  and  Dembowski's  observations 
however,  arbitrarily  given  larger  weights,  as  • 
measure  of  Hi  ssey.    \  single  observation  of  Madleb 
was  rejected,  its  error  being  from  fifty  to 

The  resulting  element  "Hows:      Dr.  See's  and 

Dr.  Doberck's  elements  are  a  mparison: 


si  i 

Dobi 

N 

a 

."•7.."i 

54.06      ±1.10 

|s7i      ±0.71 

A 

101.7 

112.58     ±1.12 

110.39     ±0.80 

i 

51.77 

17.82     ±1.16 

15.03     ="'.•! 

e 

0.497 

0.4566  :  0.0046 

"  1564  i 5S 

a 

L0.2843 

10.4258  ±0.0104 

r 

lSI-,1    Ml 

0.159 

1864.455   ±0.067 

p 

35.00  vis. 

34.530   ±0 

34.547 

a 

r.4321 

0052 

1  '.381     to   007 

It  will  be  observed  that  the  values  of   T differ  sufficiently 
•  •  in  tin'  vaJ 
It  may  be  that  the  small  probable  erroi  ir  this 

quantity  shows  thai   the  vaJ  r  the 

0  1 1 1 . 1 1 1 \  can   ■ 

but  little  can  ed  from  the  probable  erro 

The  orbits  give  widelj  different  r<  j  near  peri- 

i  ontains  all  ■  I 

within  three  \  e  n  i.  pas- 

sages.     The  fourth  column  gives  the  residual 

elements  here  published. 
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N-  160 


Dati  "i 
Obs. 


DOBl  RCK 


<  Observer 


1826.63 
►1828.73 
L832.75 

is:;  1. 1;. 


-  :;.? 

-   1.2 

M 

+  8.6 

+32.5 

f    9.3 

f     I.:. 

2.9 

-  4.4 

+  2.0 

-  _'.:; 

l.s 

H  \  ii.  oi    Pebiasi  rob   I'  issagx,   i  329  908, 

l«  2 

\n  1 


Dati    "i    Pebiasi  roh   P  lssagi  .  1864.455. 
8n    / 
in  02. 
2«  Ma. 

\n      I 

."./,  Eng. 


1862.54 

-14.1 

+  12.1 

1    2.4 

1862.74 

31.9 

+     l.S 

-17.1 

1862.91 

1-34.4 

- 

- 

L863.49 

9.2 

1  33.5 

+  11.6 

L865.55 

_  <;.<; 

+   2.8 

-  6.3 

1866.74 

+  :;..-. 

+  2.8 

-  1.0 

23.  I 
352.6 

220.5 
203.5 

361.8 
341.0 

lln. '.i 
343.0 
250.0 


-  1.0  :>„  /,!7«Da.,2nO^|232.5 


DATE  "i     1'ei:i  \sti;c.n    I'  v^ai.i:.   Is'i'.i.iio-j. 


1895.63K+  2.3 


L896.68 
L897.60 


-12.9 

+  28.9 


+  8.9 
+   9.3 

fl  c..(i 


+  4.0 

-  2.0 

-  3.3 


Srr,  Sell. Com. Le, 

Com. 

Hussey  37! 


34.0 

14.3 

344.20 


It  will  be  observed  that  the  largest  residuals  of  Dr. 
Dobebck's  orbit  occur  in  each  ease  with  that  observation 
which  is  nearest  periastron.  He  rejected  those  observa- 
tions marked  with  an  asterisk. 


I  have  omitted  Madleb's  observati I   L892.61.     An 

lation  oi  the  three  observations  made  during  this 
year  can  leave  loubt  thai  Dbhbowski's  is  the  most  ac- 
curate, and  I  h  tth  i he  orbit.  The  im 
of  Dr.  Dobebck's  i  I  this  periastron  is  especially 
marked  if  we  examine  the  excellenl  measures  oi  Dem- 
bow8K]  by  themselves.     Thej  an- tin-  following: 


L858.56 

-  2.3 

1866.45 

+  11.1 

1862.54 

+  12.1 

1867.62 

+   r..1 

L863.49 

+33.5 

1868.44 

-  0.7 

While  the   elements   here   published   have  not   ei 
destroyed   these  large   residuals,  it  will   he  seen  that   they 
have  considerably  lessened  them. 

The  following  table  gives  the  residuals  computed  with 
each  of  the  three  sets  of  elements  for  the  dates  of  the 
annual  means  employed  by  Dr.  See.  To  save  space  the 
values  of  the  radius  vector  and  its  errors  are  omitted.  It 
may  be  stated  that  these  errors  show  little  trace  of  system- 
atic error,  and,  as  may  he  inferred  from  the  probable 
error  of  a  given  above,  they  are  sufficiently  small. 


Date 

See 

DOBERCK 

New 
Elements 

Date 

See 

DOBEBCB 

Elements 

Date 

S 

EE 

DoBERCK 

New 

Elements 

° 

° 

0 

1854.4(1 

+ 

3?8 

±  o!o 

+    0°1 

1878.51 



6?7 

-     L2 

-  3°2 

1782.55 

-11.2 

-19.1 

- 

18.8 

1855.46 

+ 

4.4 

+  0.8 

+    1.0 

1879.54 

- 

4.1 

+   1.0 

-  "1.2 

1826.63 



3.7 



1.2 

_ 

4.9 

1856.48 

+ 

2.6 

+   0.2 

+  o.:; 

1880.49 

_ 

4.8 

-    0.5 

-  0.2 

1828.71 

+ 

5.5 

+  . 

25.6 

+ 

9.3 

1857.61 

+ 

3.5 

+   0.5 

+  0.9 

1881.49 

- 

3.3 

+   0.1 

-   1.7 

1832.72 

+ 

4.5 



2.9 



4.1 

1858.58 

+ 

0.5 

-   1.2 

-  0.8 

1882.60 

_ 

1.6 

+   0.5 

-  0.6 

1834.45 

+ 

2.0 

- 

2.3 

- 

1.8 

1859.58 

- 

1.0 

-  0.4 

+   0.1 

1883.60 

+ 

0.2 

-  0.5 

+   ii.:; 

1835.45 

+ 

5.3 

+ 

0.5 

+ 

1.2 

1860.70 

_ 

4.5 

+   1.2 

-  1.5 

1884.58 

_ 

2.5 

-   1.2 

-   2.0 

1836.60 

+ 

3.4 

+ 

0.2 

+ 

0.8 

1861.50 

- 

9.9 

+   1.9 

-   1,1 

1885.58 

- 

0.7 

-   O.S 

-   1.4 

1838.70 

+ 

1.0 

+ 

0.5 

+ 

0.7 

1862.54 

_ 

14.1 

+  12.1 

+   2.4 

1886.63 

+ 

2.0 

+   1.6 

+   O.S 

1839.76 

+ 

2.0 

+ 

2.0 

+ 

2.4 

1862.73 

- 

!1.9 

+   4.S 

-17.1 

1887.60 

+ 

1.3 

+   0.2 

-   0.2 

1840.66 

+ 

3.4 

+ 

5.0 

+ 

4.1 

1863.49 



9.2 

+  33.5 

+  11.6 

1888.58 

_ 

0.5 

-   0.4 

-   0.7 

1841.56 

- 

0.8 

+ 

1.4 

- 

0.1 

1865.55 

- 

6.6 

+   4.8 

-   6.3 

1889.56 

+ 

2.1 

+  0.5 

+  0.7 

L842.54 

+ 

1.7 

+ 

4.2 

+ 

2.8 

1866.74 

+ 

3.5 

+   2.8 

-   1.0 

1890.60 

+ 

o.2 

±   0.0 

+  0.1 

1843.65 

- 

2.0 

- 

0.5 

- 

1.7 

1867.62 

+ 

6.3 

+   3.8 

+   2.1 

1891.57 

+ 

1.3- 

+   0.7 

+    0.7 

1844.50 

_ 

2.4 

_ 

0.4 



1.4 

1868.54 

+ 

0.6 

-   1.1 

-   2.4 

1892.60 

_ 

0.2 

-  0.2 

-   0.1 

1845.64 

+ 

2.0 

+ 

1.9 

+ 

1.8 

1869.60 

+ 

3.6 

+  3.0 

+   1.6 

1893.74 

- 

0.6 

+   0.6 

+  0.2 

1846.79 



o.s 



0.5 



1.6 

1870.54 

+ 

1.1 

+  0.6 

+   0.0 

1894.58 

_ 

2.0 

+   3.1 

+    1.7 

1847.55 

+ 

0.5 

+ 

0.1 

- 

0.8 

1871.52 

- 

1.6 

-   1.3 

-   O.S 

1895.32 

- 

2.1 

+  4.5 

+   4.0 

IS  IS. .V.I 

+ 

0.4 



0.4 



1.4 

1872.55 



2.7 

-   0.7 

-   0.7 

1895.63 

+ 

2.3 

+   8.9 

+   4.0 

1849.48 

+ 

2.7 

+ 

1.3 

+ 

0.4 

1873.60 

- 

2.2 

+   1.0 

+   0.6 

1896.58 

- 

12.0 

+  o.:: 

-   2.0 

1850.36 

+ 

1.6 

_ 

0.3 



1.1 

1874.60 



1.1 

+   3.0 

+   2.3 

11897.60 

+  28.9 

+  16.0 

-   3.3 

1851.50 

+ 

2.2 

- 

0.5 

- 

1.0 

1875.56 

- 

6.0 

-   0.4 

-  2.0 

1S52.67 

+ 

4.0 

+ 

0.5 

+ 

0.9 

1876.56 



7.6 

-  0.6 

-  2.:; 

is;.::,  n; 

+ 

..  2 

- 

1.3 

- 

1.2 

1877.57 

- 

:;.s 

+   1.6 

±   0.0 

t  I  regret  that,  my  own  measures  attributed  to  this  system  (A. J..  No.  410),  undoubtedly  belong  to  the  preceding  star  on  my  obsen  uil'  Hat, 
namely.  21964B.C. 

The  following  is  a  short  ephemeris.     A  few  observations,  6                P                                         6  P 

if  they  can  be  secured  during  this  year,  will  show  at  once  i  ego  kq  °"3°9  0°59  190°  50         °15°9  1  04 

which  of  the  three  orbits  is  to  be  preferred.  1900.50  247.7  0.77  1903.50         206.7  1.14 

Tin    Flower  Observatory,  1899  March  5.  1901.50  230.6  0.92 


N     160 


THE     ASTRONOMICAL     JOURNAL. 


OBSERVATIONS   OF    MI  NOW    PLANETS, 

lAIH.    with    mi;    12     \M.   :;•;    [NCH    BEFBACTOBG    01 

By   E.   I '.  OODDIKTGTON. 


1S9S  Mt.  Hamilton  M.T. 

* 

No. 

Planet      * 
Ja         |          /S 

Planet' 

a 

-  appan 

s 

LogpA 

for  a 

(334i   Chicago. 

May  19 

June    2 

9 

10 

23 

14 
12 
12 

11 
11 

39 

1 
52 

48 
9 

1 
39 
20 
22 
20 

1 

••; 
.-. 

7 
8 

10  .  lu 
8  .  8 

in  .  in 
8  ,  8 

-0  13.45 
L6.04 
-d     3.70 
-0  23.40 
+  0     8.29 

+  1    19.6 
-3     2.9 
3  58.6 
-0  21.2 
-3     0.8 

16  41 
16  32 

L6  'J7 
16  27 

n;  id 

52  17 

56.89 
L9.86 
39.74 

-16  l;;  55.8 
-16    7  34.1 
-it;    6  51.6 
-16     ii  31.1 

9.350 
9.310 

9.096 

0.846 
0.842 

(25)  Pliocaea. 

Aug.  14 
15 

1(3 

11 

8 

12 

IS 

20 
13 

.... 
26 

9 

lu 
11 

10  .  10 
10  ,  6 
12,8 

+  0  29.03 

-2     0.86 
-1  I'M;; 

-5  49.3 
+  5  54.5 
-2  19.6 

20    13 

L'H   13 
20  42 

46.27 
L9.21 
12.31 

+26   16  53.8 
+26  37  4;;.;; 
+26  -l  35.1 

9.217 

0.212 
0.377 
0.255 

Sept.  16 
17 
18 
20 

13 
13 

13 

11 

35 
34 

4 
1 

13 
37 
12 
47 

12 
13 
13 

11 

8  ,  8 
10  ,  10 

l(i  .  lu 
10,  10 

(169)  Zelia. 
-0     7.35        +6  16.3 
-i)  21.18        +n  28.6 
-0    2.45        +5   L8  l 
-0  12.68        -3    16.0 

3    15 
3  45 
3   15 
3   16 

15.53 
36.78 
55.53 
26.89 

+  24  57  47.6 
+  25     2   14.9 
+  25     7  34.7 
+25  16   10.5 

ri9.481 

0.382 
0.377 
0.412 

Nov.    9 

16 

0 

53 

15 

8  ,8 

(105)   Artemis. 
-0  15.24    |    +6  39.5 

5  16 

L6.06 

-41; 

9.379 

0.769 

Dec.    10 
11 
12 

11 

9 
10 

57 

45 

1 

1 
35 
19 

17 
19 
21 

8,8 

8,8 

s  .  s 

(1« 
-0     is;; 
+  o  27.99 
+0  47.04 

9)  Juewa. 

+3  57. s 
-1  28.8 
-4  57.5 

6     :i 
6     7 
6     C 

0.79 
59.98 
51.07 

+40  38  10.3 
+  4ii   Hi  30.6 
+40  42  59.4 

»9.139 
»9.636 

9.693 

Mean 

Places  for  1S9S.0  of  Comparison- Stars. 

Red.  to 

Bed.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

h 

n;   12 

1       s 

2.22 

;  ;;':>> 

-16  31    16.7 

-10.4 

Connected  with  *2 

2 

it;  4;; 

30.30 

+3.70 

-16  35  34  s 

-10.3 

DM.— 16°4353,  Skinner,  2  W  sh.Obs.,  LG.i 

3 

n;  32 

L6.7J 

•  3.87 

-16  in  42.1 

-10.8 

ted  with  *4 

I 

16  35 

58.61 

+  3.87 

-it;    9  59.8 

10.5 

I'M       L6  1328,  Skinner,; 

5 

10  27 

56.63 

+3.96 

-1(3     3  21.1 

-11.1 

Coi eted  with  *c> 

6 

16  29 

31.56 

I  3.96 

-If.     3  17.2 

1  in 

DM.— 15°4346,  Skinner,  2  Wasb..Ohs.,  A.G  I 

i 

16  27 

;;•.!  :;n 

+  ;;.  lie, 

-1(3     6  10.3 

ill 

Connected  with  *5 

8 

1(3  19 

27.46 

+3.99 

-15  57  18.9 

ll.l 

I'M      L5  1320,  Skinner,  2  Wash.Obs.,A.G.Catal. 

9 

20  43 

13.37 

1  3.87 

+26  52  25.2 

+  17.0 

Graham,  Camb.  AG.  Catal.  11749 

10 

20  45 

16.19 

+  3.S8 

+  26  31   30.6 

+  18.2 

"          

11 

20  4 1 

2.87 

+3.87 

+26  26  36.4 

+18.3 

11771 

12 

3  45 

IS.  55 

+4.33 

+24  51    16.9 

+  14,1 

J  [Camb.A.G.Catal.'77+Berl.  B.  LG.i 

13 

3   15 

53.60 

+  4.36 

+  25     2      1.0 

t  11.1 

i,  \  G.Catal.'85+  Berl.  B.  LG.i 

14 

3   L6 

35.12 

+4.45 

+  25  20    12.1 

•   1  1   1 

Graham,  Camb.  A.G.  Catal.  1892 

15 

5  it; 

26.68 

f  1.62 

-  4  21   22.1 

+  12.4 

in".    Connected  with  *  16 

it; 

5  1  i 

27.83 

+4.63 

-  4  26   19.4 

»  L2.6 

Paris  Catal.  6134 

17 

6    8 

:,s.x; 

+  7.00 

+  40  34    1  in 

l  .'. 

DM. +40  L531  9           1               d  with  *18 

18 

6  1  1 

44.43 

+  7.00 

+  40  33  36  s 

2.0 

Deichmuller,  Bonn  A.G,  Catal.  5157 

19 

6     7 

24.86 

+  7.13 

+  4ii   1'J     0.6 

-   1.2 

DM.  +  4ii  1526   I     1      ■     mooted  with  *20 

20 

6     5 

47.67 

+  7.13 

+40  38  33.6 

1 .0 

Deichmuller,  Bonn  A.G.  Catal 

21 

6     5 

56.84 

+  7.10 

+  40    17  57. S 

0.9 

Deichmuller,  Bonn  A.G.  Catal.  5086 

The  observations  of  (334),  Chicago,  were  made  with  the  30-inch 
refractor,  all  others  with  the  12-inch. 
All  of  them,  except  (25),  Phocaea,  were  located  bj  means  of  t  h.- 

Mt.  Hamilton,  is1.".'  March  17. 


Crocker  photographic  teles  Zelia,  was  found  upon  a 

plate  exposed  for  tb  made 

for  the  purpose  of  Identification. 
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o.\    THE   TEMPERATURE  OF 

li\     \.  s. 

Professor  Newcomb's  note  in  A.J.  £58  and  my  reply  to 
thi  ame  (ibid)  are  apt  to  cause  a  misunderstanding  which 
I  will  endeavor  to  clear  in  the  present  note.  A  corn 
spomdence  with  Professor  Newcomb  subsequent  to  the 
publication  of  the  two  notes  in  A.J.,  No.  468j  brought  to 
light  the  Eacl  that  we  were  considering  two  different  prob- 
lems. 

Professor  Newcomb  states  tlie  following  theoretical 
problem  of  aerostatics. 

Li  i  n  globe  of  perfect  gas  be  in  a  state  of  equilibrium  at 
the  absolute  temperature  7',,  function  of  the  distance  from 
the  center  <of  the  globe.     As  long  as  there  is  no  radiation  or 

absorption  of  heat  this  a/it  Hilir!  ii  in    mill  lie  /ircscrccil.      Sii/i- 

pose  now  that  by  radiation  the  gaseous  mass  contracts  from 
a  globe  of  radius  /.',,  to  one  of  radius  Ii,  after  which  the 
radiation  of  heat  is  stopped  and  the  gaseous  muss  is  allowed 
in  return  to  a  state  of  equilibrium.  What  will  now  he  the 
absolute  temperature  '/'  assuming  that  the  law  o/Mabiotte- 
Gay-Lussac  is  absolutely  cornet  ? 

I  f,  moreover,  we  assume  a  uniform  contraction  through- 
out the  body,  the  answer  will  be  that  which  Professor 
Newcomb  rightly  expected,  namely  (*) 

(1)  T  =  Mi 

How  far  the  problem  as  here  stated  differs  from  practi- 
cal problems  of  aerostatics  may  be  seen  from  the  following  : 
The  density  of  a  gaseous  globe  in  equilibrium  between  the 
gravitational  forces  and  the  elasticity  due  to  temperature 
will  necessarily  be  greater  at  the  center  than  on  the  sur- 
face ;  therefore  the  contraction  of  the  mass  will  not  be 
uniform  ;  a  further  complication  as  to  the  new  state  of 
equilibrium  arises  from  the  fact  that  the  radiation  of  heat 
will  depend  both  on  the  law  of  density  and  on  the  distance 
from  the  center,  so  that  the  result  of  the  radiation  will  be 
a  new  law  of  density  and  a  new  law  of  temperature.  If  it 
is  T0  =  /(r0)  in  the  first  state  of  equilibrium  it  will  be 
T  =  q  (>•)  in  the  new  state,  the  new  function  r/  generally 
differing  from  f. 

But  when  we  come  to  actual  problems  of  celestial  bodies 
the  deviations  from  the  conditions  as  stated  above  become 
enormous.  There  is  certainly  no  reason  to  believe  that 
celestial  bodies  radiate  and  contract  by  fits  and  stmts. 
wailing  from  time  to  time  long  enough  to  return  to  a  state 
of  equilibrium.  If,  therefore,  the  problem  as  stated  by 
Professor  Newcomb  is  to  be  applied  to  celestial  bodies, 
this  must  be  done  with  the  distinct  understanding  that  the 
results  obtained  are  based  on  several  hypotheses,  and  that 


GASEOUS  CELESTIAL    BODIES, 

(III. VMS. 

they  are,  at  the  best,  only  an  approximati f  what  may 

be  taking  place  in  reality.  A.  RlTTEE,  in  his  interesting 
researches  on  the  constitution  of  gaseous  celestial 
i  II  ici/.  .Inn..  Vole.  V  XX  i  among  other  problems  solved  the 
one  stated  above.  Bui  he  was  fully  alive  to  the  difficulty 
of  applying  his  results  to  celestial  bodie8.  II"  -ays.  on 
p.558  of  Vol.  V,  IVied.  Ann.  (1878) :  "Die  Entscheidung 
iti  c  Frni/c  n-ic  in  it  diese  Hypothese*  sich  in  Einklang 
bringen  lassen  wird  mit  den  Gesetzender  Wa'rmeleitung  und 
Wiirmcstriih! uiiij  und  wie  weit  es  iiberhaupt  zulassig  sein 
.',- '.-»/  ,\-  mis  .-"■  set  Hypoikes  -.■  -snen  &skiuosf  ifsrumjen 
auf  die  wirkUeh  existirenden  Weltkorper  anzuwenden,  wird 
man  kiinftigen  weiteren  Forschungen  uberlassen  miissen. 
Zirccl;  tier  cors/ch cm/en  Untersuchung  war:  die  Consequent 
:.en  jciier  n nscheinend  fruchibaren  Hypothese  bis  zu  der- 
jenigen  grenze  zu  verfolgen,  wo  Widerspriiche  mit  der 
Erfahrung  oder  mit  anderweit  als  richtig  erkannten  Natur- 

ijeset:eii   cine    Mm/ ijien t inn  dersellien   i/c/iie/cn ." 

The  fact  that  a  contraction  of  the  sun's  mass  would  suf-^ 
fice  to  account  for  the  source  of  heat  in  that  body  was 
announced  in  a  public  lecture  by  Hki.mhoi.tz  as  far  back 
as  1854.  That  contraction  of  a  gaseous  celestial  body 
could  generate  more  heat  than  is  lost  through  radiation 
was  also  known  for  some  twenty-five  years,  Lane's  law  be- 
ing an  expression  of  this  very  probable  hypothesis.  But 
from  all  this  to  a  "fundamental  law  of  nature"  there  is  a 
wide  chasm  which  it  seems  impossible  to  cross  in  the 
present  state  of  our  knowledge.  The  problem  which  Dr. 
See  has  proposed  to  solve,  and  which  I  had  in  view  when 
I  replied  to  Professor  Newcomb,  is  really  the  following  one  : 

.1   radiating  gaseous  mass  contracts  under  the  actit 
gravitational  forces.      What  is  the  temperature-distribution 
in  the  mass  at  any  given  moment? 

This  is  a  problem  of  aerodynamics,  and  not  of  aerostatics. 
I  am  happy  to  say,  therefore,  that  there  is  no  disagreement 
between  the  statements  of  Professor  Newcomb  and  n 
as  far  as  the  matter  discussed  in  the  two  notes  of  A.J.  lis 
is  concerned. 

The  question  whether  the  solution  of  the  statical  prob- 
lem proposed  by  Professor  Newcomb  could  be  substituted. 
even  as  an  approximation,  for  the  solution  of  the  other 
dynamical  problem,  which  Dr.  See  has  vainly  tried  to  solve, 
remains  in  the  domain  of  speculation.  At  any  rate,  a  pre- 
sumption to  formulate  an  accurate  law  on  a  basis  consisting 
of  hypotheses,  must  be  logically  condemned.     Formula  (1) 


*See  Wiedeman's  Annalen,  1878  :  A.  Ritteu,  Uniersuchungen 
fiber  die  Hohe  der  Atmosphdre  und  die  Constitution  gas/Grmigen 
Weltkorper;  Zweiti  Abteilung. 


*  i.e.  hypothesis  of  a  state  of  equilibrium.  In  this  portion  of  his 
work  Ritter  considers  what  he  calls  the  "  indifferent  "  state  of  equi- 
librium of  a  gaseous  mass.  This  term  is  equivalent  with  that  of 
"convective"  equilibrium  used  by  English  writers.  Formula  (1). 
however,  is  independent  of  the  "character"  of  the  equilibrium,  pro- 
vided  T  be  a  function  of  the  distance  from  the  center. 
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can  only  be  taken  for  what  it  is  worth,  ami  that  is  pointed 
out  in  Ritter's  own  words  above  quoted,  [t  is  doubtful 
whether  anybody  except  l>r.  See  himself  will  class  Rittek's 
formula  (alias  See's  "  remarkable  "  law)  among  the  "  funda- 
mental laws  of  nature"  like  the  law  of  gravitation. 

While  I  have  already  pointed  out  that  the  derivation  of 
formula  (1)  by  Dr.  See  is  erroneous,  I  may  add  that  what 
he  gives  as  his  result  in  J.J.  455,  namely,  the  fori 

_   Constant 
w  "  R 

is  entirely  wrong.     In  fact,  in  (1)  we  have 

T  =<*(>•)     ;     T0  =/(r0) 

r  and  r0  being  the  radii  of  the  same  sphere  after  and 
before  the  contraction  of  the  globe,  and  therefore  '/'  /,' 
!•<  not  "  constant  for  the  body.  When  we  come  to  analyze 
Dr.  See's  derivation  of  his  law  we  are  really  puzzled  by  the 
meaning  of  his  formula  (2)  as  much  as  by  the  logic  of  his 
reasoning.  If  his  letter  R  denotes  distance  from  i 
for  any  of  the  concentric  layers  of  which  the  globe  may  be 


composed,  then    /'  /.'     -  :it ;  if,  whii 

he  more  prob 

then  where  dries  he  get  bis  |  ressure  on  I  I  the 

Not   less  startling  are  I'i   See's  "far-reaching"  conclu- 
sions.    I  will  pick  nut  nne  at  random: 

The  earth  received  more  heat  in 
present       I         conclusion  is   I  a  that 

the  total  radiation  of  the  sun   is  proportional  to  its  -urfaee 
and  to  its  temperature.     Both  assumption 
if  we  accept  Dr.  Si  e'«   law.      First,  the  radiati 
increases    from    the    surface    towards    thi  t    the 

sun.  reaches  a  maximum,    alter  which    il 
as  it   reaches  the  center.     Second,  the   radiation   is   pro- 
portional tn  a  higher  than  tl..   ■ 

probably  near  to  the  fourth  degree.  i  f  the 

earth  in  geological  times  i^  fai  bettei  ■  splaii  •  <.  ] ■;   g 
cal  reasons. 

The  true  meaning  of  Dr.  See's  si   tement  that  his 
clusions  are  "far-reaching" lies  undoubtedly  in  the  en- 
distance  of  the  stars  from  our  own  a 


OBSERVATIONS   OF    MINoK    PLANETS, 

MADE  AT    VASSAB   COLLEGE   OBSEBVATOB1     «  II II    III  K    12-INCH    Ulllin   TOR, 

By    MARY    w.    WHITNEY    urn  CAROLINE   E.    FURNESS. 


1S98  Greenwich  M.T. 

* 

No. 

Planet  —  # 

Planet's 

Apparent 

- 

1    0111)1 

Ja 

a 

h 

for  a 

for  6 

(354)  Eleanor* 

h 

i 

Feb. 

24 

14 

31° 

39 

1 

7 

+  l" 

17.0.-, 

-.-.  25.0 

11 

9 

6.22 

4-16 

33 

:.'.i  9 

w 

26 

14 

55 

42 

2 

7 

-1 

39.87 

+  7  31.9 

11 

7 

12.02 

+ 

7 

i- 

50.2 

»9.471 

0.614 

w 

28 

14 

33 

48 

3 

1(1 

-1 

27.71 

+  7   15.3 

11 

6 

17.10 

+-17 

26 

- 

n9.a 

0.616 

w 

(347)   Pariana 

Mar 

17 

14 

15 

51 

-t 

'■» 

+  1 

L5.93       -1   23.8 

l  151  |     Aim  mill  lit 

11 
a. 

54 
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Places  for  1898.0  of  Comparison- Stars. 
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MICJtOMETKIC  MEASURES.  OF   THE   SATELLITE   OF 

By  D.  A.  DREW. 


NEPTUNE, 


These  measures  of  the  satellite  of  Xr/,fiuir  wen-  made 
by  Mr.  Cogshall  and  myself  with  the  24-inch  refractor 
and  Clark  micrometer  of  the  Lowell  Observatory. 

For  all  the  measures  there  was  a  plan  adopted,  which, 
from  our  own  and  others'  experience,  seemed  to  promise 
t  he  best  results. 

According  to  this  plan  a  power  of  about  500  was  to  be 
used,  and  the  wires  were  to  In-  always,  although  sometimes 
faintly,  illuminated  with  a  ruby  light.  The  eyes  were  to 
be  Itept  either  parallel  or  perpendicular  to  the  wires.  In 
taking  angles,  the  wires  were  to  be  brought  into  coinci- 
dence and  made  to  bisect  both  disks.  The  micrometer 
was  then  to  be  turned  through  90°  and  the  distance  meas- 
ured by  double  distances,  the  wires  bisecting  both  disks. 
The  measures  were  to  he  taken  in  the  following  order  and 


of  the  number  given:  four  angles,  then  four  double  dis- 
tances, and  finally  four  angles.  As  the  always 
rather  faint,  especially  when  mar  an  illuminated  wire, 
I  was  to  take  the  measure  while  Mr.  Cogshall  was  to  read 
the  micrometer  and  note  the  time.  In  this  way  my  eyes 
were  to  be  saved  the  constant  readjustment  of  the  pupils. 

This  plan  was  strictly  followed  with  the  exception  of 
the  number  of  measures  made. 

On  December  7  a  rather  bright  star  was  found  in  the 
field  with  Neptune.  The  planet's  position  with  respect  to 
this  star  is  given  as  the  last  of  the  measures.  This  star 
was  identified  as  DM.  +21°913. 

In  the  various  columns  will  be  found  the  date  of  obser- 
vation, the  Greenwich  M.T.,  t.  the  true  position-angle  p, 
the  distance  s,  and  the  number  of  measures  n. 
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EPHEMERIS  OF    EROS, 

By  HENRY  NORRIS  RUSSELL, 
rich  Midnight.    Continued  from  .!../. -).",7 
1899 
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OBSERVATIONS   OF    EROS, 

MADE   WITH  THE   26-INCH    I'M    LTOEIAX   OF   Till.    LEANDEB    Mr,, i:\ii,  B    OBSERVATORY    el     nil.    i   Mvl  KBITS    OF    VTBOIN1A, 

By  ORMOND  STONE,   II.   I:.  MORGAN,  am.  E.  <  >.   EASTWOOD 
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Mean   Places  for  1898.0  of  Comparison- Stars. 
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Places  of  stars  marked  "  W  "   were  determined  at  the  Washington  Observatory  bj   Bpecial  request 
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OBSERVATION   OF  COMET  1898  VII, 

maim:   WITH  Till'.  12-INCH  TELESCOPE  of  the  lick  observatory, 
By  K.  F.  CODDINGTON. 

x-0  b/ —  %  ev^'s  apparent 

*        Comp.  la  /S  a  o 
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Mean   Places  for  1899.0  of  Comparison- Star 
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+0.74    I     -27  47  32.4 
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Authority 


-   5.6 


11*.     Connected  with  %2 
Gould's  Zone  Catalogue,  2  inns 


i  omparing  the  above  observation  with  places  computed  from  my  elements  (.1../.441).   1  get  the  following  residuals: 

O  — C,     Ju  =  +S».09     .     -18  =  +5'  35".9 
These   elements   were  computed  from   observations   of  June  11,  IS  and  26,   189S.      From   the   last    of  these  date-   to   that    of  the 
observation  above,  the  comet  described  a  heliocentric  arc  of  119  . 


CONTEXTS. 

The  Orhit  of  JHerculis,  by  Eric  Doom  n  i 
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On   mi    Temperature  of  Gaseous  Celestial  Bodies,  by  A.  s.  Chessin. 
Obsi  i:\  \riu.\~  of  Minor  Planets,  by  Mary  W.  Whitney  and  Caroline  E.  Furness. 
Iicrometric  Measures  of  the  Satellite  of  Neptune,  by  D.  A.  Drew. 
l.iiii  mi  bis  "i    Eros,  by  Henry  Nokris  Russell. 
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TIIK    LIMITS    OF    TEMPORARY    STABILITY    OF    SATELLITE    MOTION,    WITH 
AX   APPLICATION   TO   TIIK   QUESTION    OF    Till:    EXISTENCE   OF    AN 
FXSKFX    BODY    IN    THE    BINARY    SYSTEM   P. 70  OPHIUCHI, 

By   V.   R.   MOULTON. 

planet  to  the  star.  If  this  limit  is  reached  the  motion 
will  he  considered  to  be  not  temporarily  stable;  if  it  is 
nearly  reached  the  question  will  be  in  doubt,  and  further 


The  verifications  of  the  predictions  that  the  unexpl 
irregularities  in  the  orbit  of  Uranus  were  due  to  the  action 
of  an  unknown  planet,  and  that  Siritts  and  Procyon  were 
attended  by  unseen  companions,  naturally  lead  astronomers 
to  assume  as  the  cause  of  anomalous  motions  the  existence 
of  neighboring  bodies  not  yet  observed.  Such  hypoi 
have  ii  priori  more  probability  since  the  phenome 
certain  classes  of  variable  stars  have  proven  that  there  are 
great  numbers  of  dark  bodies  in  the  heavens  as  well  as 
bright  ones.  Besides,  peculiarities  in  the  motions  of  a 
few  double  stars  have  been  observed,  and  as  astronomers 
accumulate  more  and  more  material,  doubtless  many  such 
cases  will  be  found. 

But  when  it  seems  necessary  to  assume  the  existence  of 
a  dark  star  in  a  binary  system,  the  question  oi  the  stability 
of  the  motion  required  to  satisfy  the  observations  - 
always  be  investigated.     Such  considerations  will  in  many 
cases  prove  to  be  effective  checks  upon  the  assumptions. 

Unfortunately  the  questions  of  stability  are  the  most 
difficult  with  which  astronomers  have  attempted  to  deal, 
and  there  are  as  yet  no  perfectly  rigorous  ept  in 

the  case  of  periodic  orbits,  winch  have  nol  ben  found  in 
nature.  Therefore,  in  this  paper  tin-  problem  will  be  con- 
sidered in  a  very  restricted  form,  but  the  results  will  have 
the  merit  of  being  easily  applied. 

1.    Tin:  Limits  01   Tempobab?  Stability  "i    Satellite 
Motion. 

Suppose  there  are  two  known  bodies  which,  for  conven- 
ience, will  be  called  the  star  and  the  planet.  Suppose  that 
the  observations  of  the  motion  of  the  planet  seem  to 
demand  the  assumption  of  the  existence  of  a  satellite 
revolving  around  it.  It  is  proposed  to  find  a  distance  Erom 
the  planet,  beyond  which  the  satellite  cannot  make  more 
than  a  limited  number  of  revolutions  in  curves  approxi- 
mately ellipt  i.al    in   form,  without   passing   away   from   the 


in  \  estigation  will  be  necessary  to  make  the  assumptioi 

Since  the  limit  for  certain  instability  is  wh. 
several  simplifications   may  be  introduced  in  such  a  way 

egion  of  temporary  stability  will  be  en'.. 
that  is.  every  time  the  problem  is  modified  it  will  be 
so  that  the  perturbations  of  the  motion  of  the  satellite 

;  by  tiie  star  will  be  less  instead  ot 
inclination  of  the  plain-  of  the  orbit  of  tl 
plane  of  the  orbit  of  the  plane!  is  in  general  unknown,  we 
shall   assume   for  the  sake  of  definiteness   that   it   is  zero. 
The  simplifications  introduced  by  this  assumption  ;i 
important  ami  any  other  might  be  used  almost  equally  well. 
If  the  satellite   motion    is   stable,  the  center  of  gravity  of 

met  ami  satellite  \\  ill  di 
We  shall  assume  that    it  is   strictly  an  ellipse,  and   further 
that  the  eccentricity  is  zero.     Finally,  it  will  I 
that    the    satellite    is    an    infinitesimal    particle  revolving 
around  such  amass  at  the  center  of  gravity  thai 
undisturbed  by  the  star,  would   be  exactly  the  - 
actual  undisturbed  motion  when  both  the  planet  and 
[lite. 

It  is  easily  s i  that  modified  systems  have  I 

sively    taken    where    the    perturbations    arising    from    the 
action  of   the  star  ale  less  and  less  :   and  it  will  be  inferred 

that  in  those  cases  where  the  last  system  isnot  temporarily 
,  the  original  one  lacks  stability  also.     \\ ;  :'.    - 

-  is  efficient   in  revealing  instability,  it  could  I 
used  to  establish  stability. 

The  problem  is  thus  reduced  to  one  where  two  of  the 
bodies  are  finite,  describing  circles  around  their  common 
center  of  gravity,  and  the  third  is  infinitesimal  moving  in 
the  same  plane.      If   we  denote   by  .1/ and  Ml    tl 

the  star  and  planet  respectively,  the  differential  eqi 
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of  motion  of  tin-  infinitesimal   body  referred  to  fixed  rec- 
tangular  axes,  with  the  original  the  center  of  gravity  of 
j  stem,  are 


(1) 


dt1 

31 

<Pr, 

dU 

,//' 

9r, 

M 


and  /•.,  are  the  distances  of  the 


where     U  =  — | —  . 

'*'      '■- 
infinitesimal  body  from  .1/ and  m  respectively.     The  units 

are  so  chosen  that  the  Gaussian  constant  and  the  distance 
between  the  finite  bodies  are  both  unity.  The  motion  of 
the  satellite  may  be  referred  to  axes  rotating  with  the  uni- 
form angular  velocity  n,  by  making  the  substitution 

£   =   x  cos  (nt)  —  y  sin  (nt) 
rj  —  x  sin  {nt)  +  y  cos  i  ni  I 

(1)  takes  the  form 

(     )  cos  (nt)  —  [     ]  sin  (nt)   =  0 
(     )  sin  (nt)  +  [     ]cos(»0   =  0 

Eliminating  cos  (nt)  and  sin  (nt)  we  find  explicitly 

dU 
~dx 


(2) 


(3) 


-nr  —  2n-±   =    n-.r  + 
ilt-  dt 


d*y 

dt- 


+  2» 


=    »'".'/  + 


■DU 

~^l 


Suppose  that  n  is  the  mean  motion  of  the  planet  and  the 
star  around  their  center  of  gravity,  and  that  the  axes  have 
been  so  chosen  that  the  .''-axis  passes  through  their  centers. 
Then  we  have  n'2  =  M  +  m  and  Jacobi's  integral  can 
at  once  be  found. 


w  (S 


+ 


dy\* 

dt 


=    V-  = 


2M     2  in 
n2(x*+f)+ +  ——C 


—  C  is  the  constant  of  integration  and  V  the  velocity  of 
the  infinitesimal  body  referred  to  the  rotating  axes.  This 
integral  is  an  invariant  relation  between  the  square  of  the 
velocity  of  the  satellite  with  respect  to  the  rotating  axes 
and  its  coordinates,  and  will  be  fulfilled  therefore  for  all 
configurations  of  the  system.  If  V  is  chosen  arbitrarily 
the  locus  of  points  where  the  satellite  will  move  with  that 
velocity  is  given  by  (4) ;  and  conversely,  (4)  furnishes  the 
velocity  with  which  the  infinitesimal  body  will  move  at  any 
point  in  the  plane.  In  particular,  if  V  be  chosen  equal  to 
zero,  ( 4)  will  give  the  curves  where  the  satellite's  velocity 
will  be  zero;  and  these  curves  separate  those  portions  of 
the  rotating  plane  where  the  infinitesimal  body  may  move 
from  those  where  it  cannot. 

The  discussion  of  the  forms  of  these  curves  was  given 
by  Dr.  Hill  in  his  celebrated  papers  on  the  Lunar  Theory 
in  the  first  volume  of  the  American  Journal  of  Mathematics. 
Later  treatments,  somewhat  modified  in  the  details,  have 
been  given  by  Bohlin  and  Darwin  in  the  10th  and  21st 


volumes  of  the  Acta  Mathematica  respectively,  and  by 
l'iUM  m;k  in  the  3d  volume  "I  his  Mithodet  Nouvelles  de  la 
Mecanique  Cileste.  Therefore,  it  will  be  sufficient  here  to 
announce  the  results  needed  without  going  into  the  details 
of  the  demons!  rations. 

When      V  =  0     (4)  becomes 


,     .      ,       2  1/      2  m 
n'(xi+yt)+        + 


=   C 


(5) 


Suppose  the  distances  of  M  and  m  from  the  origin  are 
respectively  .r,  and  :••„,  then  r,  =  Vc— V'-  +  y3  >  ;i,"l 
r.,  =  V (,r— j.,)-  + 1/- ■  For  sufficiently  large  values  of  (' 
the  equation  of  an  oval  roughly  elliptical  in  shape,  around 
each  of  the  bodies  M  and  m,  and  of  a  much  larger  one  enclos- 
ing both  of  the  small  ones.  The  satellite  may  move  i  i 
of  either  of  the  small  ovals  or  outside  of  the  large  one.  In 
all  other  parts  of  the  plane  the  velocity  will  be  imaginary. 
Since  these  branches  are  all  closed  the  infinitesimal  body 
will  always  remain  in  the  one  of  these  three  regions  in 
which  it  is  at  the  origin  of  time.  It  is  of  interest  to  note 
that  it  is  precisely  under  the  limitations  here  made  that 
Dr.  Hill  proved  that  the  radius  vector  of  the  moon's  orbit 
could  never  surpass  a  certain  value. 

For  smaller  values  of  C  the  small  ovals  enlarge,  and  for 
a  definite  value  of  C  unite,  forming  an  hour-glass  shaped 
figure.  Under  these  circumstances  there  is  an  avenue  for 
the  passage  of  the  infinitesimal  body  from  the  planet  to 
the  star.  The  question  whether  in  all  non-periodic  orbits 
the  infinitesimal  body  would  necessarily  pass  from  one  oval 
to  the  other  has  not  been  settled.  Darwlx,  however, 
speaking  of  this  point  in  his  memoir  on  Periodic  Orbits, 
Acta  Mathematica,  Vol.1,  p.  170,  says,  "It  seems  likely 
that  a  body  of  this  kind  would  in  course  of  time  find  itself 
in  every  part  of  the  space  within  which  its  motion  is  con- 
fined.'' If  the  neck  of  the  hour-glass  is  large  the  pa 
from  one  oval  to  the  other  is  assured,  and  that  in  a  very 
short  time.  In  such  a  case  as  this  we  shall  say  that  the 
satellite  motion  is  not  temporarily  stable.  To  make  the 
phrasing  strictly  in  harmony  with  the  statement  of  our 
problem  and  the  definitions  already  given,  we  shall  say 
that,  when  the  satellite  is  revolving  around  the  planet  in 
an  orbit  larger  than  that  small  oval  which  first  touches  the 
small  oval  around  the  star,  the  satellite  motion  is  not  tem- 
porarily stable.  This  puts  the  problem  in  such  a  form 
that  the  numerical  treatment  is  very  simple. 

Before  considering  the  details  of  this  point  it  ma\  be 
remarked  that  for  still  smaller  values  of  C  the  oval  around 
the  planet  unites  with  the  large  oval  so  that  the  region  of 
imaginary  velocity  has  the  shape  of  a  horse-shoe  with  the 
toe  at  superior  conjunction  with  the  star.  If  the  initial 
conditions  are  such  that  the  curves  of  zero  velocity  assume 
this  form  the  satellite  motion  is  much  more  unstable.  For 
a  still  smaller  value  of   C  the  locus  shrinks  to  two  points 
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forming  equilateral  triangles  with  M  ami  m.  This  is  the 
minimum  value  of  C  for  which  (5)  can  be  written  in  real 
quantities. 

There  are  two  direct  methods  of  finding  whether  tie- 
satellite  motion  is  temporarily  stable  as  defined  above. 
The  first  is  to  find  the  value  of  C  for  which  the  locus  takes 
the  form  of  an  hour-glass,  and  then  find  whether  the  C 
determined  by  the  initial  conditions  is  larger  or  smaller. 
The  second  is  to  construct  the  small  oval  around  the  planet 
which  first  touches  the  one  around  the  star,  and  then  find 
if  the  supposed  orbit  of  the  satellite  passes  outside  of  this 
curve. 

In  order  to  solve  these  problems  it  will  be  eonvenie 
express  (5)  entirely  in  terms  of  )\  and  ;•„  as  variables. 

Let     ./•'-  +  i/-  =  R*,     then  we  have 

r  =  '-i2-  (x-xiy 

y*  =   E--x- 

i/2   =   i:,2  —  (x  —  x„y 


.1/ 


1         M+m  2         M+m 

Eliminating  >/2  and  x  we  find 

l!2  =   Mr*  +  mrt*  -Mm 

Then,  since     ?r  =  M  + 


(6) 


M    } 


■*+'■ 


+  m 


we  may  write  i  5 

- 1  =    C 


When  the  two  small  ovals 
point  of  contact     ?',  =  1  —  r. 


first  touch  we  have  for  the 
:    hence  (G)  becomes 


(7) 


.1/ 


{v-^+ih 


+  m     iy  + 


3- 


c> 


This  equation  must  have  a  double  root,  therefore  we  may 
place  the  first  derivative  of  it  with  respect  to  r.,  equal  to 
zero.  Performing  the  differentiation  and  clearing  of  frac- 
tions we  have 

(8)  (.1/ +  «/>?•./  -(3M+2m) 

+  (3M+m  |  ,::•  -  «/•.,-'  +  LW,  -1   =   0 

If  we  determine  >:,  from  this  equ:  ubstitute  it 

in  (7)  we  shall  have  the  value  of  (  '  for  which  the  small 
ovals  have  a  point  of  contact.  If  the  C  determined  from 
the  initial  conditions  is  smaller  than  tin.--  the  satellite  mu- 
tton is  not  temporarily  stable. 

Using  the  value  of  C  obtained  from  (7)  the  ovals  may 
all  be  computed  from  (6).  Assuming  values  of  >\_,  arbi- 
trarily, the  values  of  /-,  which  will  satisfy  (6)  can  be  found 
by  the  solution  of  a  cubic.     Let 

then  (0)  may  be  written 

(9)  rf  +  ar,  +  2  =  0 


e  roots  of  this  equation  are  the  ouh 
that  have  a  meaning  in  our  problem.     It  is  easy  to  see  that 
a  is  essentially  negative  for  all  values  of  r„  consistent  with 

tierefore  the  necessary  and  sufficient  conditio] 
(9)  shall  have  a  real  positive  root  is  that 

-  a  >  :; 

Expressing  a  in  terms  of  r,  we  have   for    the   limiting 
value  of  t In-  inequality 


/  0 N 

(»»*  +  -]  -  C+3M  =   0 


This  is  i  1  may  be  written 

r„*  +  a'  r„  +  2    =    0 

where  a'  =  -(33/-  I 

TO 

Suppose  the  roots  of  (10)  are  /•_...  If  we  de- 

fine   the   auxiliary    angle   6  by     sin0  =     I  where 

$  <  _  ,     we  shall  have 

r»=    2>hr8m3 

r„-       2j^sin(60--|) 
,a=-2j^'sin(60o+^ 

If      —a'  >   .'J.      then  /-._.,  and  /■...  are  real  and   posittvi 
all   other  value.-  of  >:,  for  which  real  positive  values  of  r, 
can  be  found  satisfying  (6)  lie  between  them.     Hence  r„  is 
the  miiiiniuin  distance  from   m   to  the  small  oval  around  it. 
and  if  the  infinitesimal  body  is  everywhere  a< 
distance  from   the   planet    than   this  quantity,  the  satellite 
motion  is  certainly  not  temporarily  stable.     If  it  is  sap- 
posed  that    the   satellite   moves   in  every   pari 
with  considerable  relative  velocity,  the  limit  assigned  by 
this  method  \w\\   i  -han  that  by  comparing 

constants, and  tie-  instability  of  a  body  moving  beyond  this 
limit  consequently  more  marked. 

If  in  any  ease  the  li\  i 

bodj  beyond  the  limit  determined  by  either  oi 

two  methods   the   satellite   motion   is  not  even  temporarily 
Stable.      The   hypothesis   must   then  be  abandoned  111 
is  equally  efficient  in  explaining  the  phenomena  with  the 
i  body  attending  One  of  the   known   stars  for  a  time. 
and  then  the  other. 

It  no  i  that  there  are  certain  periodic  solutions 

beyond    the   limits  just  mentioned,  where  the   infinitesimal 

bodj   describes   closed   curves  around   the   pla;  < 

gions  near  these  limits  they  have   been  discussed   in  detail 
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by  I)\i;win  in  his  memoir  in  Acta  Mathematica,  Vol.21, 
Thej  are  of  fantastic  shapes,  nearly  all  containing  loops, 
and  have  verj  large  moduli  of  instability.  They  would  be 
impossible  in  a  system  where  their  were  tides,  or  where 
tlic  two  finite  bodies  were  Dot  exacth  spheres  of  homogen- 
eous concentric  layers.  Besides,  the  probability  thai  the 
initial  conditions  would  be  exactly  such  as  to  starl  thai 
kind  of  a  system  is  infinitely  small. 

IT.     Application  to  the  Binary  System,  I".  70  Ophiuchi. 

The si  conspicuous  example  of  the  hypothesis  of  an 

unseen  body  which  has  not  been  confirmed  by  direct  obser- 
vations, is  that  proposed  by  Dr.  T.  J.  .J.  Sri  to  accounl  for 
certain  apparent  irregularities  in  the  motion  of  the  binary 

Mstcm,  1''.  7u  i )/ili  litr/i !.  The  hypothesis  was  first  made 
public  in  a  preliminary  announcement  in  A.J.  No.  358, 
which  was  soon  followed  in  A.J.  No.  .'!<>.'!  by  an  elaborate 
paper  on  the  subject.  The  numerical  work  was  carried  out 
by  Mr.  Ekio  Doolittle  and  there  can  be  no  question  of 
its  correctness.  Mr.  Doolittle  has  since  undertaken  in 
A.J.  Xo.  400  to  explain  the  motion  without  the  assumption 
of  the  existence  of  a  third  body  in  the  system  and  has 
succeeded  in  bringing  theory  and  the  observations  into 
reasonable  accord. 

In  this  paper  we  are  only  interested  in  the  consequences 
of  the  hypotheses  made,  so  we  shall  pass  at  once  to  the 
conclusions  reached  by  Dr.  See.  He  found  that  the  visible 
companion  revolves  around  the  primary  in  a  period  of 
about  88  years,  in  an  orbit  approximately  an  ellipse  with 
an  eccentricity  of  0.5.  He  assumed  that  the  companion  is 
attended  by  a  dark  satellite  having  a  period  of  36  years. 
He  stated  that  the  center  of  gravity  of  the  companion  and 
satellite  moves  in  an  ellipse  with  a  major  semi-axis  of 
4".548,  and  that  the  bright  companion  describes  a  curve 
around  this  center  of  gravity  with  a  radius  of  0".3.  Under 
these  assumptions  a  very  satisfactory  agreement  between 
theory  and  observation  was  obtained. 

One  cannot  but  be  struck  with  the  relatively  long  period 
of  the  dark  satellite.  There  is  no  observed  case  where 
there  is  anywhere  nearly  such  an  approach  to  equality  be- 
tween the  period  of  a  satellite  and  that  of  the  planet 
around  which  it  revolves.  In  Dr.  Hill's  "  Moon  of  Maxi- 
mum Lunation  "  there  is  a  near  approach  to  the  ratio  of 
periods  assumed  by  Dr.  See,  but  that  cannot  be  taken  as 
throwing  much  light  upon  the  subject  since  for  other  pur- 
poses in  his  investigation  he  bad  neglected  the  solar  parallax. 
It  is  precisely  in  this  case  that  the  restriction  imposed  by 
Dr.  Hill  is  most  effective  in  modifying  the  results,  since 
the  moon  is  near  quadrature  during  a  large  part  of  its 
period.  Darwin  found  a  few  extreme  cases  where  the 
period  of  the  satellite  was  nearly  half  that  of  the  planet, 
but  in  all  of  them  there  are  loops  and  parts  of  the  orbit 


where  the  satellite  moves    very  slowly.     In  addition  the 
orbits  are   very  unstable.     These  considerations  throw   a 

doubt    upon    tin-    possibility  of   a   satellite's    moving 

according  to  the  hypothesis. 
Let  us  apply  the  tests  developed  above  numerically  in 
ise.     l.et    m  represenl    the   mass  of  the   primary, 

///,  that  of  the  companion  and  m„  that  of  the  supposed 
dark  star,  since  we  ueglecl  tic  eccentricity,  which  is  0.5, 
it  will  lie  seen  that  we  are  taking  a  system  where  tii. 
turbations,  arising  from  the  action  of  the  principal  star, 
are  very  mueh  !>'■<*  than  in  the  actual  case  when  the  com- 
panion is  in  periastron.  We  assume  that  the  center  "I 
gravity  of  the  companion  ami  satellite  describes  a  circle 
which  will  be  very  nearly  true,  after  having  neglected  the 
eccentricity,  if  the  satellite  motion  is  stable.  In  accordance 
with  the  development  of  our  formulas  the  radius  of  this 
circle  is  the  unit  of  length.  Letting  P  and  V  represent 
the  periods  of  the  companion  and  satellite  respectively, 
and  a'  the  mean  distance  of  the  satellite  from  the  com- 
panion, we  have  with  sufficient  approximation 


.1/  +  /«,  +  //.'., 


p.2 
pi 


P'  =  :;<;  yrs.  and  P  =  88.4  yrs.  The  value  of  a'  depends 
upon  the  relative  masses  of  w,  and  m„  and  the  distance  of 
///j  from  the  center  of  gravity  of  the  two.  The  distance 
of  //',  from  the  center  of  gravity  was  found  by  Dr.  See  to 
be  0".3.  We  shall  favor  the  result  of  stability  if  we  take 
a'  as  small  as  possible.  It  is  evident  that  a'  will  become 
smaller  the  larger  we  assume  m2  to  be.  It  seems  to  be  a 
very  liberal  assumption  to  suppose  that  w„  is  equal  to  ///,  in 
mass,  when  it  is  remembered  that  it  was  so  faint  as  to  be 
absolutely  invisible  to  Burxham  with  both  the  18-inch 
telescope  of  the  Dearborn  Observatory  and  the  36-ineh 
telescope  of  the  Lick  Observatory.  Nevertheless,  let  us 
take  the  extreme  case  and  suppose  that  the  visible  com- 
panion is  a  mere  particle  describing  an  orbit  around  the 
unseen  body.  By  this  assumption  the  perturbations  aris- 
ing from  the  action  of  the  primary  are  again  very  much 
less  than  they  would  be  in  the  actual  system. 

Suppose  we  take  >n„  for  the  unit  of  mass  then  we  find 
from  the  equation  last  written,  M  =  577.  This  is  un- 
doubtedly much  too  large  a  mass  relatively,  for  the  primary, 
and  results  from  our  attempts  to  favor  the  conclusion  of 
stability.  Now  solving  (8)  for  that  value  of  r„  for  which 
the  small  ovals  unite,  we  find  r.,  =  0.081.  Substituting 
this  in  ( 7)  we  find  that  the  critical  value  of  C  is,  C  =  1768. 
Computing  the  minimum  value  of  r„  by  (11)  we  find, 
r„  =  0.0531.  The  corresponding  value  of  i\  is  unity,  hence 
it  is  seen  that  the  critical  curve  of  zero  velocity  has  its 
minimum  distance  from  the  center  of  gravity  of  the  com- 
panion and  dark  body,  nearly  in  quadrature.  But  the 
hypothesis  explicitly  supposes  that  when  the  bright  com- 
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panion  is  in  quadrature  from  the  center  of  gravity,  it  is 
displaced  1  >y  0".3  or  O.OGG  in  our  units.  Since  this  is  far 
beyond  the  limit  just  found  we  are  led  to  the  conclusion 
that  there  is  no  dark  star  in  the  binary  system  F.  70  Ophiuchi 
permanently  revolving  around  the  companion  with  a  period 
of  36  years,  and  of  such  a  mass  thai  the  observed  companion 
is  at  a  distance  of  0".3  from  where  it  would  >■■ 
undisturbed. 

It  might  be  of  some  interest  to  know  how  man}  revo- 
lutions the  body  would  make  before  passing  to  the  primary, 
if  it  were  started  as  the  hypothesis  states  it  must  bi 
ing.  Retaining  the  limitations  introduced,  it  would  be  a 
simple  although  lengthy  task  to  decide  the  question  by  the 
use  of  mechanical  quadratures,  but  it  has  hardl\  seemed  of 
sufficient  interest  to  justify  the  labor.  Darwln  has  treated 
some  cases  so  near  like  this  that  prettj  safe  conclusions 
can  be  drawn  from  his  results  without  going  to  the  actual 
computation. 

If  we  take  the  initial  conditions  in  accordance  with  the 
hypothesis,  and  construct  the  curve  of  zero  velocity  we  shall 
find  the  region  of  imaginary  velocity  has  reduced  to  a  verj 
narrow  horse-shoe.      (For  brevity  the   details,   which    are 


simple,  are  omitted  here).     The  body  ma  -.vhere 

else  in  the  plane.     Darwin  has  considered  no  c 

Mathe  21,  so  unfavorable  to  temporary  stability 

n  as  this  one.  but    taking  thi 
nearly  similar  we  arc  able  to  get  a  fair  idea  of  I 
body  will  move.     A  little  computation  shows  that  th*- 
in  Pig.  '■',.  p.  17-'!,  loc.  lit.,  marked    xt  =  1.12,    has  much  the 
same  initial  conditions  as  we  have  in  our  problem. 
one  revolution   it    is  nearly  the  same  as  the  curve  marked 
a;    =  1.09     in    Fig.  5,    which   at   once    passes   away   to   the 
principal  star.      From  this  we   may  conclude  that  the 

in  and  dark  satellite  would  not  make  more  than  one 
revolution  around  t  heir  center  of  gravity  before  one  of  them 
would  pass  away  to  the  large  star. 

The  difficulties  for  the  hypothesis  here  encountered  might 
be  avoided  if  the  period  of  the  unseen  body  could  be  re- 
duced to  a  very  few  years,  but  there  is  no  observational 
basis  for  such  a  supposition.  Or  the  perturbations  of  the 
companion  might  be  supposed  to  be  verj  •  than 

0".3j  but  in  that  case  the   reality  of  their  existence  at  all 
would  be  improbable. 

the  University  of  Chicago,  l$99  April. 
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MADE     II    THE    SAYBE   OBSERVATOBT,    SO.    BETHLEHEM,    PA., 

Bi   JOHN  II.  OGBURN. 


Bethlehem  M.T. 

* 

No. 
Comp. 

1   Hij.Tl   —    %. 

Ja           I      .      J8 

Object's  Apparent 
a                |               8 

for  a              for  8 

Comei   L898  X. 

use              ii      m     s 
Nov.    7  6  58  I'- 

1 

5  .  8 

+  2'"  73.61 

-ho  14.7 

1 
17 

41 

18.55 

r  1  I  27  32.5      9.628 

ll   t;  52     l 

2 

5  .  6 

+  0  40.23 

+  5     S.7 

17 

52 

11.011 

+  7  51     0.0      9.616 

0.734 

12  6  4:;  40 

3 

8  .  6 

+  0  26.68 

-1  29.2 

17 

5  1 

57.99 

-1-  6  21   10.5      9 

0  732 

Fortune  •  1 9  1. 

Oct.      0  9   .",2   29 

4 

8  .  5 

+  0    I7.7S 

+  2    is.l 

0 

IS 

10.21 

+  6    9  59.4 

»9.S92 

0.707 

8  9  51   55 

5 

4 

+  2     6.33 

+  5  19.3 

0 

10 

34.58 

•    .".  56  55  3 

0.705 

9  8     5  32 

5 

5  .  1 

+  1   19.99 

■   -0  41.3 

0 

15 

18.25 

50  54.7 

.'.'547 

0.722 

19  9      1    19 

(> 

4 

-1  39.13 

+  1  19.7 

0 

37 

65.38 

+   4    1- 

0.716 

L'n  s     o  40 

7 

4 

+  2     0.12 

-1  lo.l 

0 

57 

1  l  3 1 

-r-   4  42  34.0 

9.438 

0  722 

22  o  :'.l   59 

8 

3 

+•2  59.41 

3  27.2 

0 

:;:, 

51.31 

+    1  :;i     1.1 

(9.050 

0.716 

//.,' 

i-'i; 

Nov.  27  9  2  1  20 

9 

9  .  6 

+  0  L0.36 

2   1 1  9 

5 

6 

23.30 

2  39  5i.i      9.525 

28  8  34    ll 

9 

8  .  1 

-0  47.15 

-1  30  l 

5 

5 

-  2  .  - 

Dec     8  8  29  1  1 

10 

10  .  7 

_0  16.49 

+  5  13.7 

l 

55 

16.96 

-  2     7  42.1 

07:0 

Comei  a  L8 

ft). 

I8M 

Mar.   12   7     13   29 

11 

5 

+  ;;  2:;. 00 

1  5   L2.7 

3 

9 

5'.  1.50 

16  19  12.9 

0.792 

10   7    12   31 

12 

11 

_0     1.87 

1  l  20.7 

•> 

11    1 

9.616 

17  7  15  40 

13 

11 

+  2   19.55 

+  7     S.2 

■  • 

52 

4.35 

-10  44     7.5 

9.620 

38 
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Mean   Places  for 

1897.0,  1898.0  >>„>/  1899.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app,  place 

8 

Red.  i.. 
app.  place 

Authority 

1 

h      m      a 

17  :;'.»  38.79 

1  2  1  :■ 

+14  27   1  1.6 

+  3^2 

Harvard  Mer.  Cir.+Pulkowa  '77m 

•> 

17  32    0.00 

+  2.30 

+  7  46     (i.o 

+    1.1 

DM.  +7  3511 

3 

17  :.l  28.97 

+2.34 

+  6  25  35.6 

+   4.1 

Munich  I.  L5106 

l 

ii   17  23  82 

+4.61 

+    6      0    II. 7. 

+29.8 

Y:iriiall  453 

,-, 

ii   II  23.63 

•  1.62 

+    7,   7.1      li.l 

-f  29.9 

G6t1  Lngen  255 

o 

ii  :;:i  2y.88 

I  1.63 

+  -i  13  io.i 

+30.1 

Bo    .  Albany  A.<;.  ( latal.  170 

n  ;:.-.    3.30 

+4.62 

+  4  43   1  1.2 

+30.2 

I'.nss,  All, am   A.<;.  Catal.  147> 

s 

o  :;:.'   17.27 

+  4.03 

+  -1  :il      1.0 

+  30.3 

Boss,  Albany  A..G.  Catal.  L35 

ii 

7,     i;     8.03 

+  4.91 

_  -z  :::    5.0 

+  12.8 

Gould's  Gen.  Catal.5936 

10 

1  55  28.40 

+  .-..().-> 

-  2  13     8.6 

+  12.3 

Gould's  Gen.  Catal.  5692 

11 

:;     6  35.10 

+  0.80 

-10  24  22.1 

-    3.5 

Gould's  A..C.3436 

12 

2  55  28.1  l 

+  0.7:; 

-11  51  37.7 

-  1.8 

W.  Bessel  942 

13 

2  49  14.07 

+  0.73 

-10  51  14.3 

-   1.4 

i  (G  A..C.  3093+ Brussels  1126) 

OBSERVATIONS  OF  COMET  1898  I, 

MADE    Willi   Till:    12-INCH    TELESCOPE   OF  THE    LICK    OBSEBVATOBT, 


IIv  WILLIAM   .1.   ffUSSEY. 

1898  Mt.  Hamilton  M.T. 

* 

Xo. 
Comp. 

la 

-* 

j8 

6/'*  apparent 
a           |             8 

log 
for  a 

pA 
for  8 

Alar.  21 

17   10     3 

1 

15  ,  9 

-1™  3°48 

+9  31.3 

21 

25  59.75 

+  18  49 

16.8 

,,'.1.047 

0.605 

22 

10  29  13 

2 

10,  8 

+  3     7.32 

_0  32.5 

21 

29  37.50 

+  10  49 

50.9 

n9.679 

0.637 

26 

16  52  49 

3 

12  ,  8 

+  1  34.58 

-1  15.3 

21 

45     0.42 

+23  7.s 

7.5 

,,'.1.070 

0.578 

27 

16     0  21 

4 

8  ,8* 

-0  15.03 

+  5     2.7 

21 

48  56.90 

+24  7,o 

57.6 

»9.707 

0.640 

16  20  34 

5 

10  ,  8* 

-0  29.22 

+  1  28.2 

21 

49     0.33 

+  24  57 

44.9 

»9.699 

0.613 

28 

16  35  52 

6 

4 

+  1  20.4 

+25  50 

4.1 

0.585 

17     4  46 

7 

10  ,  10* 

-0  15.40 

-2  49.5 

21 

53     9.73 

+  1'0      ll 

16.4 

„'.i.07:; 

0.542 

29 

16  17  14 

8 

9  .  8 

_1    :,.:,:: 

-4     7.3 

21 

57     6.85 

+  26  58 

25.9 

&9.708 

0.606 

30 

16     9  43 

10 

1 2  .  S 

-1  31.89 

+  1     9.9 

22 

1  14.17 

+  27   57 

40.9 

,,'.1.717, 

0.609 

31 

15  56  43 

11 

8  .  8 

-0  55.70 

+  2  33.3 

22 

7.  23.72 

+28  7,0 

8.3 

»9.724 

0.625 

Apr.     2 

16  17  45 

12 

10  ,  8 

+  0  59.38 

+  0  27.4 

22 

14     0.49 

+30  52 

52.1 

»9.725 

u.7,77, 

16  45     4 

13 

10,8 

+  o  7,1.16 

-4  46.0 

22 

1 1     5.26 

+  30  53 

7,7.0 

,,'.».7lo 

1 1  7,1'7, 

3 
4 

16  51  21 
16  34     5 

14 

6 

—  4  40.1 

+  31    51 

1.7, 

0.502 

15 

8  ,8* 

+Y  5.92 

—5  51.7 

22 

22  7.0.7..S 

+32  46 

24.3 

»9.726 

0.528 

6 

15  45  21 

17 

8  ,8* 

-0  31.90 

—  2  29.2 

22 

31  41.17 

+  34  33 

53.2 

„'.i.77,:; 

0.011 

8 

16  19  28 

18 

10  .  10* 

+  0  10.16 

-1  52.4 

22 

41     1.02 

+36  20 

18.0 

„'.i.77,:; 

0.532 

15 

16  34  44 

19 

8,  7 

+  2  11.30 

-4  24.0 

23 

15     2.53 

+  11    7,7 

8.7 

„'.!. 7'.I7, 

II.  IIS 

10 

15  43  46 

20 

8  ,  8 

+  1     2.73 

+  3     0.4 

23 

19  54.51 

+  42  38 

52.1 

re9.803 

0.577 

18 

14  51  52 

21 

8  ,  8 

+  2  13.10 

-5  11.4 

23 

L".i  7,7.7.4 

+  44     0 

24.0 

&9.803 

0.682 

20 

16  24  53 

oo 

10  ,  S 

+  1  43.40 

-1     5.7 

23 

40  42.28 

+  45  21 

0.7 

„'.I.S17, 

n.  IIS 

21 

16  45  L'l 

23 

3 

+  3     9.8 

+  45  58 

39.0 

0.373 

22 

15  47  50 

24 

10  ,  10* 

+0  10.61 

-8     1.4 

23 

51     6.99 

+  46  33 

1.1 

B9.822 

n.7,7,7, 

16     1  59 

25 

4* 

-3  22.5 

+46  33 

18.6 

0.512 

16  16  25 

L'4 

S  ,  8* 

+  0  16.90 

-7  17.9 

23 

51   13.28 

+  46  33 

44.6 

«9.828 

0.470 

26 

15  59  16 

26 

4  .  :i 

+  2  13.11 

-1  36.8 

0 

12  36.95 

+  48  44 

9.1 

,,'.I.S1'.I 

0.519 

28 

14  42     2 

27 

10  ,  s 

-2     2.18 

-1  10.9 

0 

23  10.65 

+  49  40 

40.7 

»9.837 

0.719 

Ma\       2 

15  1.°.  20 

28 

10,10 

+  1  22.02 

-0  26.0 

0 

45     7.61 

+  51   23 

0.4 

&9.860 

O.071 

3 

15     1     2 

29 

8,8* 

-0  12.97 

+  2  48.2 

0 

50  32.61 

+  7,1    47, 

21.0 

»'.i.so;; 

0.672 

15  31  17 

29 

8  ,  8* 

-0     6.07 

+  3  16.6 

0 

50  39.51 

+  7,1    45 

49.4 

tt9.874 

0.408 

4 

15  10     2 

31 

10  ,  10* 

-0     5.09 

-4  11.9 

0 

56     2.2S 

+  51'     6 

54.7 

n9.870 

1 1.07,5 

9 

15  39  41 

33 

10  ,  10* 

+  0  12.89 

-3  21.4 

1 

23  15.07 

+  53  38 

24.0 

//9.893 

0.590 

10 

16     4  16 
14  53  47 

34 
35 

4 
10,  10 

+  2  23.96 

+  1  24.1 
-4  24.6 

1 

+  53  38 

+  53  53 

39.9 
7.2 

»9.S74 

0.7,17 
0.700 

28  26.39 

17 

15     1  14 

36 

10  ,  6 

-2  56.22 

-1  24.7 

2 

5     2.47 

+55  14 

53.7 

«9.887 

0.697 

19 

15  49  23 

.".7 

8,8* 

-0  12.08 

+  2  17.7 

2 

15  15.71 

+  55  31 

24.1 

»9.901 

0.584 

23 

15  11  54 

39 

8,8* 

+  0  51.28 

+  5  35.2 

•1 

34  37.50 

+  55  55 

31.5 

«9.S98 

0.6S3 
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Mean   I 'I  (ices  for  1898.0  of  Comparison-  Stars. 


* 

Red.  do 

Red.  to 

1 

a 

app.  place 

8 

app.  place 

Authority 

1 

li       m       s 

21  27     2.81 

+  0+2 

+18°  39  51.1 

Auwers,  lierlin        A.G.  <              8779 

2 

21  26  29.77 

+  0.41 

+  19  50  29.5 

-6.1 

"               "     . 

3 

21    43  31.48 

+  0.36 

+  23   59   2.S.I 

-5.6 

Becker,  Berlin                 "              - 106 

4 

21  49  11.58 

+  0.35 

+  24  52     0.5 

5.6 

«             8446 

5 

21  49  29.20 

+0.35 

+  21  56  22.3 

-5.6 

"             8447 

6 

21   51   41.05 

+  0.35 

+  25  57   49.3 

-5.6 

Graham,  Cambridge       "           L3020 

7 

21  53  24.79 

+  0.34 

+26     3  11,1 

—  5.5 

"                  ••           L3050 

8 

21  58  12.05 

+  0.33 

+  27     2  38.5 

-5.3 

Connected  with  *9 

9 

21  58  13.75 

+0.32 

+  27     7  32.4 

-5.3 

Graham, Cambridge A.G.  fatal.  13132 

10 

22     2  45.71 

+  0.32 

+  27  56  36.2 

5.2 

»              "                  "           L3203 

11 

22     6  19.17 

+0.31 

+  28  53  40.1 

-5.1 

13251 

12 

22  13     0.83 

+  0.28 

+  30  52  29.8 

-5.1 

Leiden,  A.i '..  Zones,  '■'•  and  4 

13 

22  13  13.82 

+  0.2S 

+  30  58  48.7 

-  5. 1 

"               "             6  and  11  1 

14 

22  20     0.11 

+  0.25 

+  31   55  52.4 

-4.8 

"               ••             7  and  9 

15 

22  22  44.42 

+  0.24 

+  32  52  20.S 

-4.8 

Connected  with  *1(; 

16 

22  22  4.'!. (12 

+  0.23 

+  32  59    12.9 

-4.8 

Leiden  A.G.Zones,  1 1  7  and  120 

17 

22  32  12.86 

+  0.21 

+  34  36  26. 9 

-4.5 

«              »                      d  93 

18 

22  40  50.68 

+  0.18 

f-36  22  45.1 

-4.1 

Lund  AG.  Zones,  289  and  329 

19 

23  12  51.09 

+  0.14 

+  42     1   35.6 

-  2.0 

Deichm filler,  Bonn  A.G.  Catal.  17625 

20 

23  18  51.66 

+  0.12 

+  42  35  54.2 

-2.5 

"                  •■                •■      17727 

21 

23  27  44.34 

+  0.10 

+  11     5  38.4 

-2.4 

«      17898 

22 

23  38  58.79 

+  0.09 

+  45  22     8.3 

-1.9 

"                  ••                ■•      18095 

23 

23  47  45.65 

+  0.07 

+  45  55  30.3 

-1.1 

»                 ■•               ■■      18231 

24 

23  50  56.31 

+  0.07 

+46   11     ."..'.i 

-1.4 

..      18284 

25 

23  50  12.98 

f0.07 

+  46  36    12.5 

-1.4 

••      L8266 

26 

0  10  23.75 

+  0.09 

+  48  45  46.4 

-  0.5 

■'                  "               ••          L55 

27 

0  25  12.73 

+  0.10 

+  49  41  51.4 

+  0.2 

376 

28 

0  43  45.47 

+  0.12 

+  51    23  25.7 

+  0.7 

Rogers,  Cambridge  AG.  Catal.  359 

29 

0  50  45.45 

+  0.13 

+  51    12  31.9 

+  0.9 

( lonnected  w  ith  s|e30 

30 

0  51  25.86 

+  0.13 

+  51   41    17.9 

+  O.0 

Etog        •   imbridge  A.G.  Catal.  125 

31 

0  56     7.23 

+  0.14 

+  52  ii    :>.:, 

+  1.1 

( lonnected  n  ith  s(e32 

32 

0  56  40.37 

+  0.13 

+  52    18     8.8 

+  1.1 

Rogers,  Cambridge  A.G.  fatal.  472 

33 

1   23     1.92 

+  0.26 

+  53   41    43.4 

+  2.0 

661 

34 

1  24     0.38 

+0.26 

+  53  37    13.8 

+  2.0 

673 

35 

1  26     2.14 

+  0.1".) 

+  53  57  29.8 

+  2.0 

.. 

36 

2     7  58.26 

+  0.43 

+55  16  15.1 

+  3.0 

Krueger,  Hels  ngfoi  3-G1  tha  A  G   Catal.  L995 

37 

2   15  27.29 

+  0.50 

+55  29    3  i 

+3.0 

Connei     d  with  +38 

38 

2  15  1  !.<;."> 

f0.50 

f55  22    !  1.1 

+  :;.o 

Krueger,  Belsingfors-Gotha  A.G   Catal.  2168 

39 

2  33  45.60 

+  0.62 

+  r,r,  in  52.9 

1  3. 1 

"                  ••                -                         2420 

An  astrri.sk  in  connection  with  the  number  of  comparisons  indicates  direct  micrometer  measures.     1  am  indebted  to  Mr.  Coddlng- 

to.n'  for  assistance  in  reducing  the  observations. 

Ml.  Hamilton,  California,  1899  April  21. 


OBSERVATIONS  OF  COMET  L898 

Bi    r.  K.  i:i   ITERS. 
The  two  plates,  measured,  were  positive  from  negatives 


VIII. 


taken  1>\  Dr.  1 1.  ('.Wilson  of  (.loud sell Observ  atorj  .with his 

six-inch  c ra,  while  photographing  the  Leonid  meteors. 

The  first  plate  was  exposed  Nov.  II.  II  L0ra  L6  0"',  Cen- 
tral Standard  Time;  the  second,  Nov.  1  I.  Hi"  to™  17  50". 
The  scale  value  of  the  plates  is  large,  Lmm.  =  227".  In 
measuring  the  plates  the  position  of  the  c( si  was  as- 
sumed  as   the   center  of   the    plate,  and   the   corrections 


obtained  tor  this  value  were  thus  applied  directly  to  the 
position  of  the  comet.     The   firs!    plate   was   reduo 
Mr.  .1.  G.    Lnderson,  the  second  by  myself.      The 
rations  of  right-ascension  are  less  accurate  than  tl 

ation  on  account  of  the  blurring  caused  l>v  the  motion 
of  the  comet  in  right-ascension.  The  places  are  for  the 
beginning  of  the  year. 


■Ill 


i  ii  i.    a  st  won  i>m  I c  A  I.    JO  r  i;  \  \  i. 


N"  ii; i 


Central  St.  T. 


Nov.  1  1 

1  I 


1.-,  5 

17  o 


LO  7     9.77 
l(i  7    L7.70 


22  56  59  9 

22  57   11.7 


log  p& 

for  u  for  o 


»9.568 
»9.29I 


0.625 
0.535 


\ht n    Places  I'm-  1898.0  of  Comparison- Stars. 


* 

a 

8 

Authority 

1 

2 
3 

1 

LO  6m4o!57 
in  6   13.13 
LO  7  24.84 
10  8  30.51 

+  32   11'  51.7 
+22  52  20.6 

+23  17   17.1 

Becker,  Berlin  A..G.Catal.  3957 
«            «       «        «      3958 

«       ••        •■      3961 
■■      3963 

tity  Q)    Vi sota,    Minneapolis,    \iinn.,  1899  April!. 


OCCULT ATION'S   OBSERVED    DURING    THE    LUNAR    ECLD?SE3 

Br-C.   L.  DOOLITTLE. 
The   observations   which   follow   were   made  by    myself 
with   the   18-inch   equatorial   of    this    observatory.     The 
magnifying  power  employed  was  200. 

The  sidereal  time  of  observation  was  recorded  by  chrono- 
graph, corrected  with  the  standard  clock.  As  a  cheek,  and 
also  a  precaution  against  failure  of  chronographic  record, 
Mr.  Eric  Doolittle  also  recorded  the  time  by  means  of  a 
chronometer,  a  signal  being  given  when  the  key  was 
pressed.  This  chronometer  was  compared  with  the  clock 
before  and  after  observation.  Clouds  seriously  interfered 
with  the  work. 

The  numbers  of  the  stars  are  those  of  the  Pulkowa 
Circular. 

Latitude  of  instrument  39°  58'  2".       Longitude 
Flower  Observatory,   University  of  Pennsylvania. 


L898  DEC.  I'T. 


Star 

Chronometer 

Clock 

79 

Ingress 

fa           111          8 

1      1    L0.37 

1     1  40.46 

Very  faint 

84 

Ingress 

1  21  26.17 

1   21   26.08 

72 

Egress 

1  23  ii.:;: 

23  40.51 

Uncertain 

92 

1  25     6.47 

25     6.36 

Anon  . 

1  tigress 

1  30  .".7.17 

30  37.09 

87 

Ingress 

1   28  59.67 

28  59.60 

75 

Egress 

1  32     7.67 

Probably  late 

88 

Ingress 

1   35   18.67 

35  48.66 

78 

Egress 

1  43  43.77 

43  43.71 

96 

Ingress 

1   46    18.87 

46  48.64 

80 

Egress 

1   r.ii  33.17 

1  50  33.38 

so 

Egress 

2     4  44.87 

.4  E.  of  Washington. 


Elevation  above  mean  sea  level  266.8  feet 


COMET  c  1899  =  1873  II. 

A  dispatch  from  Prof.  J.  E.  Keeler,  Director   of   the  Lick  Observatory,  to  the   Harvard  College  Observatory, 
states  that  Tempel's  comet,  1S73  II,  was  observed  by  Perrixe  in  the  position 

1899  May  6.9077  Gr.M.T.,         a   =   18"  52'"  57».S  ,         8   =    -4°  32'  19".  It  is  described  as  faint. 

The  above  observation  shows  that  the  correction  required    by  Schuxhof's  ephemeris  (A.N.  3554)  is  only   —  6*.4 
in  a,  and   —9"  in  8.  —  Ed. 


C  O  X  T  E  X  T  S  . 
I'm;  Limits  of  Temporary  Stability  of  Satellite  Motion-,  with  an  Application  to  the   Question  of  the  Existence  of 

an  Unseen  Bodt  in  the  Binary  System  F.  70  Ophiuciii,  by  F.   1!.  Mori. ton. 
Observations  of  Asteroids  and  Comets,  by  John  H.  Ogbukx. 

(    BSERVATIONS    OF    CoMET    1S9S  I,    BY    WILLIAM    J.    IlUSSEY. 

Observations  ok  Comet  1S9S  VIII,  by  F.  K.  Butters. 

OCCULTATIONS   OBSERVED   DURING    THE    LUNAR   ECLIPSE,    189S  DEC.  27,    BY    C.    L.    DOOLITTLE. 

Comet  .•  1899  =  1873  II. 
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MICROMETRICAL    MEASURES   OF    THE    SATELLITE   < >F    NEPTUNE    DURING 

THE    OPPOSITION    OF    1898-99    WITH    THE    40-INCH    REFRACTOE     OF 

THE    YERKES    OBSERVATORY,    WITH     SOME    REMARKS    <>\ 

TEMPERATURE  CHANGES  IN"  THE  OBJECT-GLASS, 

By.   E.   E.   BARNARD. 


The  following  measures  oi  on  of  the  satellite 

.:    Neptune  are  a  continuation  of  those  previously  printed 
in  A.J.  436. 

An  unfortunate  sickness,  and  much  bad  weather,  pre- 
vented the  series  of  measures  being  as  complete  as  I  had 
intended.  The  number  of  nights  on  which  the  satellite 
was  observed  (52).  however,  is  one  greater  than  for  the 
measures  of  1897-98. 

The  past  winter  has  been  a  very  hard  one  here  —  one  of 
the  worst  known  to  this  section  of  the  country.  The  tem- 
perature kept  very  low  most  of  the  time  and  the  51 
was  bad.  On  several  occasions  the  measures  were  repeated 
as  the  images  had  somewhat  improved.  The  parallel  has 
been  determined  immediately  at  the  close  of  tl 
by  Neptune  itself,  the  mean  of  from  three  to  five  settings 
being  used.  The  measures  are  otherwise  uncorrected  for 
refraction,  such  correction  being  essentially  insensible  in 
the  distances. 

The  mechanical  portion  of  the  telescope  has  performed 
well  during  the  extremely  cold  weather.  The  clock 
well  down  to  a  temperature  of  12°  or  15°  below  zero,  after 
which  it  slowed  up,  more  or  less  interfering  with  the 
measures.  In  the  low  temperatures  the  telescope  seemed 
to  be  as  easily  moved  by  hand  as  at  any  time,  and  the 
micrometer  worked  with  perfect  satisfaction. 

The  electric  illumination  supplied  the  micrometer  bj 
Warneb  and  Swasei  has  been  used  ilti  ether  to  the  ex- 
clusion of  the  oil  lamp.  It  works  very  satisfactorily  except 
when  the  wires  are  widely  separated,  when  a 
illumination  occurs  in  the  ease  of  the  distant  wire,  but 
this  is  objectionable  only  where  one  oi  th  rather 

faint.     This  defect   can   doubtless   b  d   h\    placing 

imp  further  from   the  micrometer  box    and  u 
stronger  light. 

The  canvas  curtain  winch   serves  as  a  wind  break  in   the 


observing  slit,  has  been  of  the  greatest  value  in  protecting 
the  telescope  from  the  wind. 

The  great  telescope  seems  to  be  remarkably  stable  in  its 
enl  part-.     The  object-glass  sensibly  chang 
by  the  great  changes  of  temperature  to  which  it  has  been 
subjected.     This  is  shown  by  the  measures  of  the  diff< 
of  declination  between    Atlas  and   Pleiom  oi    I 
In  the  fall  of  1897  a  series  of  measures  of  thes 
commenced  to  show  what  changes  were  produced  in    the 
instrument  by  changes  of  temperature  during  summer 
and  wii 

The  intense  cold  of  the  past  wii.-  rded  an  ex- 

cellent opportunity  to  test  the  subji 
stars  were  obtained  with  temperatures  as  low  ..-  22 
zero  (F).     The  highest    temperature  last    fall,  durii. 

B0°  (F).    1  se  stars  have 

en  made  with  a  range  of  102  tare. 

During  the  observations  the  temperature 
ings  of  the  focusing  tube  were  recorded.     From  tie 
changes  that  took  place  in  th.   I 

A  brief  summary  of  the  results  so  far  obtained.  ma\ 
-t  just  now.      It  is  intended,  however,  to  oontit 
res  through  another  season,  for  it  is  prol 
changes  will  not  exactlj  repeat  tin  entical 

conditions  of  temperature. 

I  have  taken  some  of  the  observations   made  durin 
hot  weather  of  last  summer  and  fall,  and  compared  them 
with  some  of  the  measures  made  during  the  cold 
as  shown  below  : 


July26  Sept.  :;.  1898 
Feb.   12.  L899 


Hi   ii    1. up.     Moan  . 

1  jo 

■ 

72.81 

10.17      2.011     0.491     9i 


0  258     0  185 
(In  the  ^rt  1  have  omitted  SI  complete  revolutions  ol  it. 
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The  changes  in   the  focus  and  measui  e  were 

very  marked  as  the  cold  weather  came  on,  and  the  above 
results  are  in  no  wise  accidental. 

From  these  il  will  be  seen  thai  tin-  focus  of  the  ol 
glass  shortened  0.26  in.  more  than  did  the  tube  itself.  It 
will  also  be  seen  that-  the  distance  between  the  two  stars 
lessened  by  nearly  0".2  ami  tins  change  must  be  attributed 
to  change  in  tin1  micrometer-screw  ami  in  the  focus  of  tin' 
object-glass,  since  the  stars  would  be  essentially  fixed  dur- 
ing thr  period  covered  by  the  observations. 

Assuming  a  uniform  value  for  the  revolution  of  the 
micrometer-screw  (9".677),  the  shortening  of  the  turns  of 
the  object-glass  would  have  made  the  measures  less  in 
winter,  while  t  he  contract  ion  of  the  micrometer-sere^  alone 
would  have  made  them  larger.  At  each  observation  the 
stars  were  carefully  focused;  we  can,  therefore,  neglect  the 
change  in  the  length  of  the  steel  tube,  except  for  deter- 
mining the  total  change  in  the  focus  of  the  .object- 
glass. 

The  steel  tube  would  shorten  about  0.44  in.  in  the  meas- 
ures cited.  The  total  shortening  therefore  of  the  focus  of 
the  40-inch  would  be  0.70  in.  and  this  would  produce  a 
change  of  about  0".27  in  the  measures,  making  the  winter 
measures  that  much  smaller.  The  contraction  of  the 
micrometeivscrew  would  produce  an  increase  in  the  distance 
of  about  0".17,  which  is  to  be  taken  from  the  above  value, 
leaving  0".10  as  the  lessening  of  the  distance-measures  of 
the  two  stars  from  the  shortening  of  the  focus  and  the 
contraction  of  the  micrometer-screw.  We  can,  therefore, 
account    for  the   difference   between   the  summer  and  the 


winter  measures  to  the  i  0".10,  winch  leaves 

o'.os  to  !»■  attributed  to  error  of  observation. 

The  extreme  range  of  temperature  in  the  observatioi 
L898-99,  was  from     +80°  F    to    -22°F    or    102°.     The 

range  of  focus  readings  was  from  2.35  inches  to  L.97  inch, 
or  0.3S  inch,  while  the  range  of  the  measures  was  from 
n".,si  to  0".31  =  0".53,  covered  by  11  nights  1mm  1898 
duly  IV,  to  L899  April  1. 

It  would  seem  from  the  foregoing  considerations  thai  a 
large  glass  in  a  severe  climate  like  this  is  subject  to  con- 
siderable change  of  figure,  which  would  interfere  with  very 
exact,  work,  such  as  for  parallax,  if  not  strictly  taken  into 
account.  It  is  probable,  also,  that  the  molecular  change  in 
the  object-glass  may  prevent  these  changes  from  repeating 
themselves  under  the  same  conditions  of  temperature.  I 
am  rather  led  to  this  belief  by  the  measures  of  Aflas  and 
Fleione  during  the  fall  and  winter  of  1897.  At.  that  time 
the  measures  were  carried  over  the  interval  from  L897 
Aug.  27  to  1898  Jan.  1  through  a  range  of  49°  of  tempera- 
ture. During  the  measures  of  that  season,  it  was  clearly 
shown  that  the  apparent  distance  between  the  stars  dis- 
tinctly increased  to  the  extent  of  0",2  or  0".3  as  the 
cold  weather  came  on. 

Careful  determinations  of  the  color-curve  of  the  great 
object-glass  have  been  spectroscopically  made  by  Professor 
Frost  and  Mr.  Ellermax  during  wide  extremes  of  tempera- 
ture, and  the  changes  due  to  temperature,  in  this  direction, 
are  now  being  investigated  by  Professor  Frost,  and  tie 
results  when  combined  with  the  visual  investigations  must 
be  of  very  great  interest  and  importance. 
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res  of  the  Satellite. 

90th  Meridian  Time 
1898 

P.  A. 

Comp. 

Dis- 
tance 

Comp. 

Remarks 

:mii]i  Meridian  Time 
1S.9S 

P.A. 

Comp 

Dis- 
tance 

Com  p. 

Remarks 

1.             Ml         S 

h       nl     s 

Aug.  29  15  25  12 

87.12 

4 

Faint 

Sept.    3  14  47  38 

139.77 

5 

Seen    with     the 

15  31    8 

16.10 

4 

14  54  51' 

10.67 

4 

greatest  difficulty 

15  35  59 

15.76 

4 

14  59  44 

11.11 

4 

30  15    7    3 

46.14 

4 

Faint  and  blurred 

14  13  51     7 

211.04 

5 

Through  breaks  in 

15  13  44 

14.02 

4 

13  56  33 

11.86 

4 

dense  clouds 

15  17  45 

13.91 

4 

14    045 

12.36 

5 

31  15     7  32 

325.67 

4 

20  14  19  28 

201.64 

6 

15  13  12 

10.54 

4 

14  29  28 

11.52 

4 

15  18  28 

10.53 

5 

14  34  24 
1'2  17    2    0 

66.72 

3 

11.17 

4 

Very  faint  and  dif- 

Sept.   1  14  30    2 

267.20 

4 

17    7  14 

16.09 

5 

ficult  in  all  the 

14  35  56 

15.13 

4 

17  12    0 

66.25 

1 

measures 

14  39  26 

15,17 

4 

26  14  10  19 

191.48 

5 

Observations  good 

2  14  11'  55 

226.72 

5 

Difficult 

14  16  51 

10.  so 

4 

14  l!t  30 

L3.60 

4 

14  21    3 

10.90 

4 

14  23    9 

13.5S 

4 

14  42  36 

224.62 

4 

Obs'ns  repeated  as 

27  14    9    5 

107.02 

5 

Seen   with   diffi- 

14 47  43 

13.72 

3 

the  satellite  was 

14  16  54 

13.84 

4 

culty 

14  50  18 

13.44 

3 

better  seen 

14  22    9 

13.74 

4 

■ 
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90th  Meridian  Time 
1898 

P.  A. 

Comp. 

Dis- 
tant' 

Remarks 

'.  m j  1 1 1  Meridian  Time 
1899 

I'.A. 

Comp. 

i>i-- 
tance 

Comp 

irk- 

Oct.    10  13    5  5 1 

56°91 

6 

Faint  and  difficult 

Jan.   18    817    3 

61^00 

5 

13  10  24 

1 5. 1 1 

1 

8  23  1  1 

16.17 

4 

13  14  26 

15.57 

4 

8  26  26 

16.30 

4 

11  14  15  22 

342.96 

5 

Extremely    faint 

24    7  55  32 

50.57 

6 

oor,   but 

14  27  12 

10.82 

6 

and  difficult 

8    1  52 

15.95 

4 

15    8    3 

338.45 

6 

Faint,  but  better 

8    4  38 

15.76 

1 

15  14  1(( 

10.62 

4 

seen 

15  17  37 

10  32 

4 

30    0  58  10 
10    6  16 

17.83 

s 

1. ■•..'.>.-, 

4 

Difficult 
Temperature  17°  .0 

Nov.     7  12  11    4 

121.46 

4 

10  10    3 

L4.43 

4 

>w  zero 

12  16  51 

L2.61 

4 

12  20  46 

L3.00 

4 

31  10  34  .".1 
10  39    6 

325.30 

5 

10.66 

4 

Seeing   good;    ob- 
servations good. 

14  18    5  13 

60.68 

4 

Lost  in  daylight 

in  41  30 

10.76 

1 

Tempera; 
below  zero 

18    9  49 

15.68 

7 

Feb.     1    9  1-  58 

299.06 

5 

Difficult 

15  1<»33  24 

19.99 

5 

9  50  13 

L1.83 

4 

10  39  50 

11.71 

5 

9  53  29 

11.56 

4 

10  43  51 

11.82 

5 

6    7  22  12 

328.08 

5 

Difficult 

22  15  37    S 

276.90 

4 

Well  seen 

7  26  -I 

10.12 

4 

15  41  23 

15.24 

4 

7  30    8 

10.32 

4 

15  44  12 

15.21 

4 

7    s  4ii  27 

262.36 

6 

Temperature  S°.0 

24    9  29  13 

187.93 

5 

Faint,  but  obser- 

8 If.  15 

1 

below  zero 

9  34  11 

10.91 

4 

vations  good 

8  49  57 

L6.56 

1 

9  37  11 

11.05 

4 

9    9  48  39 

132.07 

6 

•  difficult 

26    9  39  10 

62.72 

5 

Very  difficult 

9  5 1  28 

11.16 

1 

Temperal 

9  45  30 

16.23 

5 

9  57  17 

10.87 

4 

below  zero 

9  50  11 

16.59 

5 

10    7  15     1 

81.79 

5 

Temperature  12  .0 

29  12  30  26 

236.69 

5 

Difficult 

7  20  29 

16.16 

3 

below  zero 

12  35  40 

15.34 

4 

7  23  1 1 1 

16.52 

3 

12  39  1  1 

L5.45 

4 

11     8  33  34 

37.45 

5 

Difficult. 

Dec.     3  10    3  20 

349.51 

6 

Verj  difficult 

8  39  i; 

13.16 

1 

Temperature  15°.0 

10    9  18 

L0.85 

4 

8  15    7 

L2.89 

4 

below  zero 

10  12  47 

10.03 

4 

12    8  29  1  1 

312.16 

4 

6  13  37  59 

127.97 

6 

Through    thin 

s  ;;:;  :;:; 

1  L.02 

4 

iture  7°.0 

13  45  17 

10.72 

4 

clouds ;  faint  and 
difficult 

8  36  56 

11.11 

4 

13  40  22 

L0.87 

4 

13    6  56  l- 

260.85 

5 

Seeing  vi 

10    9  29  29 

271. 66 

5 

Bright  and  easy 

7    0  24 

16.11 

1 

but  clouds  pass- 

9 33  1 1 

15.66 

4 

7     1    0 

4 

ing 

9  37  26 

i:,;;i 

4. 

20    9    9  25 

203.94 

7 

Very   faint. 

11    8  51    8 

231.06 

5 

i  tbservatlons  good 

9  L5  58 

11.88 

1 

through  clouds 

9    0  12 

1 5. 1  1 

4 

9  L9  29 

11.0,1 

1 

9    3  30 

L5.10 

1 

9  27  23 

201.15 

1 

12    9  20  22 

L52.20 

4 

Verj  difficult 

28    7  17     7 

5 

|  .„.r 

9  21  55 

L0.69 

4 

7  52  1 1 

lo.o:. 

1 

0  27  20 

L0.66 

4 

7  56  59 

10..  to, 

1 

13    9    0  50 

89.02 

4 

Difficult 

Mar.    L3    8  57    5 

347.09 

6 

Verj  difficult 

9    6  29 

L6.77 

4 

9    6  20 

L0.27 

5 

9  10  50 

L6.62 

1 

'.i  13     I 

L0.89 

5 
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'.mi  I,  \|.   nil  in  Time 

Di« 

D  .- 

1899 

P.A. 

< p 

tance 

(  omp. 

Remarks 

1800 

P.  \. 

c  omp 

p 

Remarks 

h       i.i      g 

i.       mi     a 

Mar.   is 

7  25  58 

53.16 

.i 

Paint  and  difficult 

A  pr,      1     7  27  15 

78.20 

fi 

Seeing  1 1 

7  32  16 

1  1.98 

1 

7  33  59 

15.98 

4 

.-Hi' i  then  rorj  bad 

7  36  1" 

1  1.59 

4 

7  37  38 

7  .-,;,  is 

77. ol 

4 

L5.83 

4 

In   tliis   last    Bel 

19 

7  II  15 
7  51     5 

7  .v>    i; 

339.33 

5 

9.94 
L0.04 

4 
4 

Dim 
Better  seen 

7  59  17 

8  147 

16.08 
L5.97 

3 

Beelng  was  fair 

8     l  26 

337.91 

4 

7     7   11     8 
8  17  34 

254.65 

5 

L6.32 

4 

i  louds  Interfered  j 
satellite  faint 

28 

7  58  32 

L39.82 

6 

Clouds  Interfered 

8  21  31 

L6.06 

5 

8  L3  II 

10.55 

4 

rery  much 

8  30    7 

253.09 

5 

8  1 7  32 

10.70 

4 

17    7  38    0 

15.79 

7 

29 

7  33  19 

82.65 

7 

7  16    6 

L0.89 

<  ibservat  Ions  verj 

«.  7  38  59 

I.-..7I 

5 

7  50  43 

10.82 

5 

difficult 

7   11'  30 

15.68 

5 

7  52  31 

81.83 

5 

IS    7  37  59 
7  4."i  55 

288.21 

6 

L3.00 

4 

Paint  ami  difficult 

30 

8  15    6 
8  20    5 

8  23    6 

39.02 

0 

12.77. 
12.7  1 

4 
4 

Seeing  good.    Sat- 
ellite well  seen 

7  .-in  37 

19    7  38  18 

7  1 1  29 

245.79 

5 

12.99 
L6.08 

4 
4 

Apr.      3 

8  13  50 
8  20  35 

8  -1  13 

8  27    8 

8  'J'.i   19 

127.71 

127.63 

5 

3 

11.25 
L1.62 
11.33 

4 
4 
2 

Very  difficult 

Better  seen ;  faint 

7  17  40 

15.82 

5 

On   February  13,  the  definition  was   so   good  that   the   apparent  diameter 
accord  with  my  measures  made  with  the  86-inch  at  the  Lick  Observatory. 

Terkes  Observatory,    William*  Bay,    Wis.,  1899  May  3. 


of    Neptune  was   measured  =  2".36.  which   is   in   close 


MICROMETRICAL  MEASURES   OF   THE   COMPANIONS   OF    PBOCTON, 

MAKE    WITH    THE    40-INCH    REFRACTOR    OF   THE    YEKKES   OBSERVATORY, 


Bv  E.  E. 

The  severe  weather  of  the  past  winter  has  made  it  diffi- 
cult to  get  any  measures  of  the  close  companion  of  Procyon. 
It  was  almost  impossible  to  get  any  complete  sets  of  meas- 
ures—  the  good  seeing  not  lasting  long  enough  at  a  time. 
Five  sets  of  position-angles  and  three  of  distances  however 
were  obtained.  The  companion  is  an  excellent  test  for 
good  seeing,  for  unless  the  seeing  is  not  the  best  no  trace 
of  it  can  be  seen.  With  good  seeing  it  is  an  easy  enough 
object. 

Close  Companion. 

P.A.  Distance 


BARNARD. 

At  the  first  and  last  observations,  the  distance  could  noi 
be  measured.     My  measures  last  year  (see  A.J.  43"))  gave 

1898.213        326°. 0  (7  nights)        4ff.83  (6  nights) 

The  angle  seems  to  have  increased  4°  or  5°  in  the  year's 
time. 

The  old,  distant  companion,  was  measured  on  five  nights. 
The  change  in  this  companion  is  entirely  due  to  the  propel 
motion  of  Procyon. 


1898.739* 

330.6  ± 

.900 

328.1 

4.91 

1899.087 

329.7 

4.83 

.303 

332.4 

4.98 

.333 

332.2 

1899.073  330.6  4.91 

1  Two  settings  for  angle  only. 

Terkes  Observatory,    milium*  Bay,   Wis.,  1899  May  4. 


Distant 

Companion. 

P.A.               Distance 

1898.900 

342.3             58.47 

.914 

342.2             58.59 

.944 

342.3            58.62 

.947 

342.7             58.60 

1899.215 

343.1             58.46 

1898.984 

:;42.r»2          58.55 
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<)\    THE    VARIABLE    DM.  -{-30  591, 

By  <;.   Ml  I.I.Kl;    \m,  P.  KEMPF. 


The  star  DM.  +-30  591,  '•'■! variability  we  announced 

in  .(../.  4.'i4,  and  with  regard  to  which  we  could  at  that  time 
prove  only  that  its  brightness  has  fo  jularly 

diminished,  has  since  then  returned  almost  to  its  original 
brightness  with  unexpected  rapidity.  During  the  appear- 
ance 1898-99  we  have  obtained  -'!1  observations  of  it,  which 
give  the  following  mean  values  of  the  brightness  : 


1898  Sept.  8 

11  obs. 

6.79 

ls'.is  Dec.  6 

lo  obs. 

6.53 

1899  Feb.  24 

10  obs. 

6.37 

The  star  has  thus  increased  about  0M.42  in  1 69  daj  s,  while 
it  occupied  during  decrease  of  a  similar  amount  not  less 
than  about  1200  days.  The  velocity  of  the  increase  is  thus 
more  than  seven  times  that  of  decrease. 

Representing  the  mean  values  given  here  and  in  .1../.  434 
by  a  curve,  the  time  of  minimum  is  ls'.is  |V1,.  |.  This  de- 
termination however  is  subject  to  considerable  uncertainty 
since  observations  are  unfortunately  wanting  direct h  al 
the  inflection-point,  so  that  a  certain  arbitrariness  in  the 
drawing  of  the  curve  is  not  to  be  avoided.  Lcco]  I 
we  draw  the  turns  of  the  curve  more  or  less  sharply  the 
epoch  of  minimum  varies  between  the  beginning  of  Janu- 
ary and  the  end  of  April.  Retaining  the  above  adopted 
Potsdam,  Astrophysikalischer  Observatorium,  1899  May  '■'•■ 


nd  un  the  other  hand  assnming  tl  i 

nn   its  maximum   brightl 
ponding  to  tin-  points  attained,  according 
the  dat-s   L892   I'd..  L'l  and  L899  Oct.  15 
lowing   relations.     The   duration   of  the   whole  va: 
amounts  in  7  which  the  di 

and  the  increase  only  1 J,  years.     The  amplif 
to  0".6.     The  duration  of  maximum  brightness  cannot  at 
present  i.     Our  measures  show  a  constant 

ness   from    the   beginning   of  1888    to  L891;    and 
measures  in   1886  (Annals  of  II.  <'.<>.  v..].  L'li  by  Pickkb- 
i\o   he   included,  which   make  the  star  0*1  brighter  than 
DM.  -!-30°582,  whose  magriit  may  be  concluded 

that  the  star  remained  constant  Eoi  6  year-,  from  I  : 
L891. 

The  star  has  no  analogue  among  previously  known  varia- 
bles.    The  course  of  the  light-curve  is  indeed  similar    to 
i  8  Cephei  ami  others  of  the  sail  distin- 

guishes itself  from  these  not  only  by  the  abnormal  duration 
of  its  oscillations  but  especially  bj  its  protracted  continu- 
ance at  maximum  brightness.  A  final  jn 
character  of  the  variability  will  first  he  attained  when  a 
repetition  of  the  fluctuations  observed  by  us  occurs.  I'n- 
fortunatelj  this  will  require  a  long  period  of  waiting. 


OBSERVATIONS   OF   COMET  c  1899  =   L873II, 

MADE  WITH  THTE  36-tNCB    REFRACTOR  OF  THE  LICK  OBSERVATOK1  01     im     DUIVEBSITY  Ol     CALIFORNIA, 

By   C.    1).    l'KKKINK. 

o^  —  ^  -       apparent 


1899 Mt.  Hamilton  M.T. 


May  6 


13   Hi  29 

1  l  53   I  l 


imp. 


dl0,8 

■/In.  8 


la 

i.  o  61 
it  3.1  I 


18 

J    +1   56*2 
[    +-2  18.1 


18  52  57.78  I    -4  32   19.1 
is  ,-,|    14.33      -4  28  10.6 


for  a         forS 

»9.410 
»9.064 


18  52  55.50 
18  55  48.72 

IS   ,M    I  l„ ,7 


Mean   Places  for  1899.0  of  Comparison- Stars 

Red.  to  „  Red.  to 

app.  place  o  app.  plac 

+  S.S0  -4  .'!4  13.6  -1.7 

+2.88  -4  .".1  52.0  -l..-> 

I  2.90  l  30  '-.':.:;  -1.4 


Authority 


Micrometer-comparison  with  *L' 
Radoliffe  35022 
Schjellerup  7i'77 


Following  are  the  remarkably  small  deviatio 
two  positions  from  s.  m  i.nm  's  ephemeris  in  A.N.  3554. 


Obs.  —  Comp.  M;i\  6 


la  =  -    5.61 
-5.58 


./8=      L2.9 
- 13.6 


The  comet  is  .not  above  10"  in  diameter,  round,  and 
1.".'  16  magnitude.  It  is  brighter  at  the  center,  and  at 
times  a  very  faint  stellar  point  was  suspected. 

It  is  of  interest  to  note  the  apparent    rapid  decrease  in 

ill.  Hamilton,  Cat.,    l.s'.i'.i    i/,<     - 


brightness  of  this  comet  at  i-  t  apparitions.     Its 

theoretical  brightness  at   the  last   observation  in  1S7S  by 

Timiii,.  as  computed  hv  the  formula     — — -     was  0.113: 
:    L894,  at    the   time  of   its   discovery  by  Fini.vy.  ;t-   theo- 
retical brightness  was  0  L90,  while  us  observed  brig 
was  not   greater  than  11M.     At  its  present  apparition  the 

theoretical  brighl  Qi  : 

only   I 
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Ni:\V    ELEMENTS   AM)    AN    BPHEMERIS  OF    PLANET  (367), 

Bi   S.  I  .   REESE. 


I  have  computed    bhe   perturbations  due  to  Jupiter  of 

asteroid  (367)  AA,  and    have   deduced   a   new  set  of  ele- 

and  as  ephemeris.     In  this  work  I  used  as  ;i  basis 

the  elements  of  (367)  computed  by  Bbbbebicb  i  Berl.Jah.rb. 

1900).     They  are  as  follows  : 


Epoch  and  < Osculation  1N'.i7  A.ug 

•_'7.o.  Berl 

M.T 

.1/   =    L98    17    10.7 
oi  =     53  1  1    15.7 
Si    =     83     2     9.0 
i  =       2  56  4:;.5 
7    =       5  26  45.6 

L900.0 

ix  =   1073".7826 

logo   -   0.3460601       J 

The   perturbations   were    then    computed    by    Enckje's 

method. 

As  an  additional  check  formula  1  deduced  and  applied 
the  following  : 


40 =    —  -  COS  rj,u  -f 

dt  p  p 


+  1 


/■sin  vSe 

+  (  —  cot  i)  r  sin  ii  W 
which  is  derived  by  an   obvious  transformation  from  the 
combination  of 
.  (IB* 


-    COS  r/,'(1f 
at  p  p 


+  1 


/•  sin  vSB 
+  (tan 


and 


/)  )■  sin  u  IF, 


4li 


dt 


— — .  )■  sin  /*  If,, 
sin  t 


In  the  application  of  the  formulas  40-day  intervals  were 
used,  and  larger  intervals  might  have  been  employed  with- 
out sacrifice  of  accuracy. 

Princeton,  N.J.  


The  variations  ol  the  elements  fur  1.S9S  I  <■  >    20  OB  M.T.. 
are  as  follows ; 


8.1/  =  +217.8607 
Su.  =  -209.0368 
SQ    =    +   17.6462 


8/  =    -0.0478 
8(j   =   -6.3655 

8/x   =     ' 


which  give 

Epoch  and  Osculation  1898  Dec. 20.0  B  .M.T. 

M 


Si    = 

9    = 

log  a   = 


342     1      1.13 

53  11    16.67 

83     2  26.65 

2-  56  43.45 

5  26  39.22 

1074".6730 

0.3458202 

(    (iNsI  ANTS. 


Mean  Equin. 

1 '.iDO.O 


x  =  r  .  9.99942  sin  (226  13.2+w) 
y  =  /•  .  9.96163  sin  (137  30.6  + r, 
z  =  r.  9.60895  sin  (129  37.6  +v) 


Ma\   20. 77. 

9  32     4.6 

+  17  52.1 

21.75 

9  33    17.1 

17  42.8 

22.75 

9  35  30.0 

17  33.5 

23.75 

9  37  12.8 

17  24.2 

24.75 

9  38  53.1 

17   L5.1 

25.75 

9  40  33.4 

17     5.9 

26.75 

9  42  13.7 

16  56.7 

27. 77. 

9  43  54.0 

16   17.5 

28.75 

9  45  34.6 

16      1:0.6 

29.75 

9  47  15.2 

16  33.7 

30.75 

9  48  55.8 

16  26.8 

31.75 

9  50  36.4 

+  16  19.9 

ABERRATION-CONSTANT    FROM    RIGHT-ASCENSION 

By  S.  C.  CHANDLER. 
The  essential  conclusion  from  the  discussions  in  J.J.  444 
and  A.N.  3562,  as  regards  the  constant  of  aberration  given 
by  the  observations  of  Polaris  with  the  Pulkowa  Transit, 
is  the  same  in  both ;  namely,  that  there  is  plausible  reason 
to  assume  the  existence  of  systematic  discordance  in  the 
observed  right-ascensions,  from  whatever  cause  arising, 
dependent  on  the  time  of  culmination ;  in  virtue  of  which 
we  get  the  values  given  under  A  below  — in  the  first  column 
if  we  use  the  whole  material  in  two  groups  (January- 
Tune)  and  (July-December) ;  in  the  second  column  if  we 
limit  ourselves  to  the  middle  portions  of  those  intervals. 
In  either  case  there  appears  "to  be  a  material  excess  over 
the  values  in  column  B,  obtained  without  taking  account 
of  such  possible  systematic  error. 


OBSERVATIONS, 


Schweizer 

Wagner,  Eye-and-Ear 

Wagner,  Chron. 

A.J.  444 

20^573 
20.506 
20.529 

Ajy.3562 

20*549 

20.494 
20.510 

20.498 
20.478 

2o.4  89 

Mean 


20.536 


20.518 


20.488 


This  is  as  far  as  reasonable  inference  can  at  present  go. 
The  actual  demonstration  of  the  existence  of  such  a  sys- 
tematic error,  and  especially  its  nature,  can  be  accomplished 
only  by  a  new  series  of  observations  undertaken  for  the 
purpose.  Such  an  investigation  is  of  course  highly  desir- 
able. 
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OBSERVATIONS  OF   MIXoi;    PLANETS, 

MADE  AT  THE  OBSEBVATOBi    01     PA6SAB    COLLEGE    Willi    THE    12-INCB    BEFB 
Bv  MARY  W.   WIIITXKY   am.  ALICE  EVERETT. 


1898-90  Greenwich  M.T. 

* 

Xo. 

Planet 

-* 

Planet' 

9  A]. pan-lit 

Comp. 

da 

Jo 

X 

s 

1     for  a 

forS 

(219)  Thushelda. 

Oct. 

20 

16 

16 

19 

1 

10 

+  0 

49.22 

-2  39.8 

0 

1 

1.95 

+■   2  50 

1.-..1 

9.154 

0.743 

Al. 

22 

17 

0 

49 

2 

3 

+  4 

35.20 

-2  18.9 

0 

1 

3.47 

+■   2   L9 

51.1 

9.368 

0.750 

A  1  -: 

23 

13 

59 

31 

3 

12 

-1 

1  •_'.  1 1 

+  0   12.6 
(266)  Aline. 

0 

3 

56.67 

+   29 

0.749 

AE 

Dec. 

8 

13 

42 

54 

4 

5 

-1 

4.93 

-0  53.9 

4 

13 

17.11 

+  15  32 

31.4 

»9.480 

0.634 

\Y 

9 

15 

43 

4 

o 

5 

-0 

22.74 

+  1  13.5 

4 

12 

47.72 

+  15  24 

19.7 

»9.897 

0.592 

w 

13 

16 

33 

25 

6 

5 

2 

11.77 

-0  48.4 

i  16)  // 'stin. 

4 

39 

11.90 

+  14  7.7 

23.5 

8  77^ 

0.598 

Dec. 

14 

16 

10 

.'!.". 

i 

6 

+  0 

23.42 

-1   22.0 

6 

16 

11.21 

•  19  38 

10.1 

«9.234 

0.537 

W 

15 

14 

1 

56 

5 

u 

34.18 

-1   1  1.0 

6 

15 

L3.63 

+  10  38 

27.4 

O.010 

W 

16 

];; 

4 

29 

o 

-1 

35.07 

-1     8.1 

6 

l  1 

12.70 

+  10  38 

33.9 

&9.630 

0.662 

w 

illi  Parthi 

Jan. 

30 

16 

0 

15 

8 

4 

-0 

L3.56 

+  2  13.8 

8 

50 

L3  82 

+  18  23 

25.1 

.0.1  lo 

0.550 

W 

Feb. 

1 

15 

43 

51 

9 

1 

0 

0.00 

-2  15.7 

8 

IS 

15.31 

+  ls  ;;| 

35.3 

,'U.V, 

0.549 

W 

9 

15 

30 

43 

10 

3 

+  0 

51.55 

+2  52.1 

8 

10 

29.69 

•  L9   17 

13.1 

\Y 

10 

14 

4 

53 

11 

5 

-0 

26.34 

-3     0.2 

102 

8 

39 

37.54 

+  10  21 

50.2 

&9.390 

0.563 

w 

Mar. 

12 

15 

56 

29 

12 

10 

+  0 

16.28 

8   15.4 

lo 

43 

51.94 

+  20  10 

39.1 

w8.626 

0.508 

w 

14 

10 

10 

56 

12 

6 

-i 

10.82 

+  0  55.7 

in 

42 

24.83 

+  20  26 

7.812 

0.502 

\Y 

16 

16 

22 

12 

13 

6 

3 

7.0  1 

+  8  38.6 
(6)  Hebe. 

10 

41 

2.84 

t  20    10 

51.3 

8.687 

0  198 

\Y 

Apr. 

:; 

15 

57 

40 

14 

4 

+  3 

14.05 

+  2  30.2 

12 

25 

53.74 

+  14  51 

1.8 

0.600 

w 

4 

15 

5 

30 

14 

4 

+  2 

25.69 

+  8  58.0 

12 

25 

5.39 

+  1  1   7.7 

29.6 

&9.206 

0.608 

\Y 

5 

14 

17 

44 

15 

4 

-0 

26.41 

-8  22.8 

11- 

2  1 

17.76 

+  15     3 

: 

«9.376 

0.622 

w 

Mean  Plans  for  is'.is.o  and  1899.0  of  Comparison- Stars. 


Uril    Id 

* 

a 

app.  place 

8 

app.  place 

Ami.. 

1 

i 
0 

3 

8.19 

+  l>.l 

+  2 

52 

25.2 

+  30.0 

Boss,  Albanj  A.G.  Catal.  9 
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Parthenopi  and  //■'»   were  observed  with  the  Mar  micrometer,     The  remainder  «itH  the  square-bar  micrometer. 
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The  appended  elements  of  this  comet  have  been  deduced 

from    three    i ions   for   the  dates  L899  March  7.  1899 

March  13  and  L899  March  19. 

These  positions  were  obtained  by  comparing  some  twenty 
observations  with  an  ephemeris  computed  from  preliminary 
elements. 

The  observations  were  taken  by  Mr.  J.  Tebbuti  of 
\\  indsor,  and  kindly  communicated  to  the  writer. 

This  comet  will  be  well  placed  for  observation  early  in 
May,  and  its  brightness  will  be  about  twice  that  at  the 
time  of  discovery.  On  the  date  1899  May  '.'7  it  will  be 
near  to  the  earth,  and  will  be  seen  before  sunrise  by  both 
northern  arid  southern  observatories. 
Sidney,  New  South   Wales,  1899  ApHl8. 


ELEMENTS  OF   COMET  a  1899  (swift), 

Bi   C.  J.   MERFIELD. 

Elemi  nt 


T  =   April  12.96406  Gr.  M.T. 

„,  =       9°  2  32.8  » 
ft   =     2fi     7  35.9     L899 
i  =   1  16  16     1.0  ) 
log  q  =  9.5118112 

Residua.!  of  Midd 

-  1".9 


0  — C:     cos  fi'.lK'   = 


Pi  \.  i 

jfi'  =  +; 


Eqi    \  DIONS    FOB    Co-OKDINA  I  I  8 

x  =  [9.9875774  |  r  Bin  (0+   77    II  5.3) 

>,  =  [9.9962838]  r  sin  (v  +  165  54  28.7) 

z   =   [9.4303811]  r  sin  («  +   47  53  12.0) 


OBSERVATIONS   OF   COMET  a.  1899  (swift), 

By  WILLIAM    J.   HTJSSET. 
1  have  this  morning  obtained  the  following  observation    |  March  observations,   before    perihelion    passage.      It    now 
of  this  comet.     It  is  much  brighter  than  at  the  time  of  the   j  lias  a  considerable  tail. 


Mt.Hamilton  M.T 

1890  h 


<£>'s  apparent  '"-  P^ 

Comp.  la  /8  a  8  for "         for  8 


MaT'l   15h4Gm59S|     G     |8,8|    +  0il>2    |     +4  5L7     |   oW.IUl    |  +  22  59  28.6   |  »9.703  |  0. 666 


Mean  Place  for  1899.0  of  Comparison- Star. 

Red.  to  5  Led.  to  inthnrifv 

*  a  apP.  place  8  app.  place  Anthontj 

6     I     o"  6'"47!87      I     +1.02    I     +22°  54  34.4     |      +2.5      |     Becker,  Berlin  A.G.  Catal.  26 


PERIOD   OF  2776    W  PUPPI8, 

By  ALEX.  W.   ROBERTS. 


This  star  has  been  observed  at  Lovedale  through  several 
maxima  and  minima. 

The  elements,  taking  the  first  maximum  of  1900  as 
the  epoch,  are, 

Lovedale,  South  Africa,  1899  March  24. 


Epoch,  1 900  February  22 

Period,  120  days 

Minimum  to  maximum,  62  days 

Limits,  8K.0  to  U».0 


CONTEXTS. 

MlCKOMETRICAL   MEASURES   OF   THE   SATELLITE   OF   NEPTUNE   DURING    THE    OPPOSITION    OF   1898-09    WITH     III  1.    40-INI  II    INFRACTOR 
OF   THE   YEKKES    OBSERVATORY,  WITH    SOME    REMARKS   ON    TEMPERATURE    CHANGES    IN  THE  OBJECT-GLASS,  BY  E.  E.   BARNARD. 
MlCKOMETRICAL    MEASURES   OF   THE    COMPANIONS    11F    PROCYON,    BY   E.    E.    BARNARD. 

Oh  hie  Variable  DM.  +30°591,  by  G.  Miller  and  P.  Kempf. 

OBSEBVATIONS  of  Comet  c  1899  =  1873  11,  by  C.  D.  Perrine. 

New  Elements  and  an  Ephemeris  of  Planet  (307),  by  S.  C.  Reese. 

Abebbation-Constant  from  Right-Ascension  Observations,  by  S.  C.  Chandler. 

Observations  of  Minob  Planets,  by  Mary  YV.  Whitney  and  Alice  Everett. 

Elements  of  Comet  a  1899  (Swift),  by  C.  J.  Mebfield. 

Observations  of  Comet  <i  1899  (Swift),  by  William  J.  Hussey. 

Period  of  2770  W  Puppis,  by  Alex.  W.  Roberts.  
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OBSERVATIONS  OF  EROS, 

MADE    AT   THE    CHAMBEBLIN    OBSEBt    IIm|;v,    IMVP.I;-IIV    I'AKK,    COLOBADO, 

By  HERBERT    A.   HOWE. 


The  following  observations  were  made  with  the  Bruce 
micrometer  on  the  20-inch  equatorial,  the  magnifying  power 
being  200.  The  right-ascension  observations  are  chrono- 
graphic;  three  declination  bisections  were  usually  made 
during  the  minute  occupied  by  the  drifting  of  one  object 
through  the  field.  For  the  computation  of  the  logarithms 
of  the  parallax-factors  the  writer  is  indebted  to  Miss  A..\  i  - 


Mi  N.vir.  Prof.  C.  J.  Lixg.  of  the  Denver  Manual  Train- 
in,'  High  School,  computed  the  reductions  to  apparent 
place.     Prof.  W.  C.  Bobst,  of  the  same  -  ted  in 

the  computation  of  the  mean  places.     Proi    A    S    Flint,  of 

the   Washburn    01  .    kindly  furnished   somi 

from  catalogues. 
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M.  1.  27504 

126 

35 

17.41 

3.40 

36     4.9 

21.0 

A.  7843 

m 

56  29.1  1 

3.66 

3  57!2 

19.1 

A.J.  453 

127 

34 

38.60 

3.45 

42  39.4 

24.6 

A. 7839 

67 

2   21.00 

3.69 

2  33.4 

1 9.5 

M.  1,27285 

128 

37 

20.68 

3.47 

22     6.9 

24.6 

A. 7852 

68 

is    12.61 

3.61 

55   12.2 

18.5 

G.  2867.-. 

129 

42 

18.03 

3.50 

22     1.7 

24.9 

A.  7880 

69 

!■_'   19.82 

3.74 

r>f>  52:4 

20.3 

G1.5412 

130 

39  59.14 

3.48 

50  11.7 

21  9 

A.  7S0S 

70 

2  21.77 

3.6S 

51    16.8 

19.6 

Sea.  S.502 

l:;l 

44 

10.09 

3.50 

42   11.6 

25.0 

A. 7SS9 

71 

0  10.96 

3.66 

46     5.8 

19.4 

A.J.  153 

132 

33 

1S.90 

3.44 

is  42.5 

24.6 

A.7S04 

72 

3  24.76 

3.68 

50  19.0 

19.7 

M.  11,11258 

133 

40 

20.99 

3.47 

5   41.0 

24.9 

\.  7872 

73 

56   19.43 

3.62 

31   54.4 

19.2 

Srh.  8445-6 

134 

43 

45.68 

3.49 

58   17.1 

25.0 

A.  7887 

74 

7  14.96 

3.68 

42  54.4 

19.9 

M.  I,  27580 

135 

47 

21.68 

3.51 

0  37.6 

25.2 

A. 7900 

75 

16  18.81 

3.72 

55  10.8 

20.5 

K.  V 

136 

48 

24.67 

3.48 

11  30.4 

25.2 

A.  7912 

7(1 

16    11,11 

3.72 

52  40.9 

20.5 

M.  I,  28145 

137 

49 

56.37 

3.49 

34    5.6 

25.2 

A. 7915 

77 

19  57.78 

3.58 

59  37.2 

20.6 

G.  29363 

138 

53 

29.26 

3.52 

27    10.7 

25.3 

A. 792S 

78 

24      1,01 

3.60 

39  33.8 

21.0 

M.  I.  28543 

1899.0 

79 

16  27.90 

3.56 

37  58.4 

20.5 

M.  II,  11508 

139 

54 

11.15 

0.44 

49   lo.l 

0.0 

A. 7900 

80 

lit  32.61 

3  57 

50     6.4 

20.0 

G1.54.-.1 

140 

56 

30.92 

0.46 

55  18.9 

CO 

A. 7940 

81 

17     8.44 

3.55 

33  50.7 

20.5 

G.  29307 

141 

59 

49.08 

0.47 

.",   is... 

6.1 

A. 7965 

S2 

27  47.63 

+  3.61 

38  39.9 

+  21.2 

M.  1.28749 

1  12 

7.7 

41.02 

+  0.44 

16  47.1 

+  6.1 

A. 7951 

N»-  463 
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* 

a 

Red.  to 

app.  place 

8 

Red.  to 
app.  place 

Authority 

* 

a 

Red.  to 
app.  place 

8 

a], p.  place 

Ami. 

143 

m      s 

0  59.25 

-MUO 

S'  27.4 

+   6.1 

A. 7071 

193 

11)             8 

17   11.52 

144 

3  26.72 

0.48 

7  52.1 

6.1 

A.  7985 

10  1 

50   51.17 

0.0,0 

24    17.1 

7.o 

- 

145 

57   50.10 

0.43 

23   18.8 

6.0 

A.,  7954 

105 

5  1  25.32 

0.66 

3  5;;.:; 

146 

1  38.96 

0.45 

29  23.2 

6.1 

A. 707  1 

L96 

17  51.65 

100:; 

- 

147 

2  55.35 

0.46 

lo  39.0 

6.1 

A. 70S] 

107 

11  24.75 

0.61 

71  58.2 

6.7 

_ 

148 

2  21. so, 

0.44 

33  10.9 

6.0 

A.707S 

L98 

50  45-40 

0.67 

24   L0.9 

149 

1  52.96 

0.46 

35  37.3 

0.1 

A.  700  1 

100 

o  2s.o,7 

0.67 

26  29.5 

W.  257 

150 

6     L.38 

0.46 

39  48.3 

0.1 

A .  8 

200 

1    10  07 

0.68 

S    12.0 

151 

3  42.90 

0.11 

17  26.8 

6.0 

A.  7987 

201 

5    8 :  i 

0.68 

7  50.:; 

152 

8     1.34 

0,40, 

52   16.7 

0.1 

A.  sin  2 

202 

12  30.99 

0.72 

6  53.9 

153 

8    13.84 

0.47 

44  36.9 

0.1 

\.  8019 

203 

22     8.12 

0.73 

15   50.1 

7.0 

]■•    417 

154 

5     7.07 

0.44 

7   13.7 

0.1 

A.  7000 

204 

13  58.84 

0.00 

s  31.6 

6.9 

155 

9  51.80 

0,47 

■~>>    17.4 

0.1 

A  si '20 

2i'5 

10,  58.94 

1,  70 

156 

9  58.12 

0.47 

56  48.4 

6.1 

\   8028 

206 

33  40.95 

0.72 

4  43.2 

6.8 

10  471 

157 

1  1  20.63 

0.48 

20     1.3 

0.2 

A.  8047 

207 

35  20.12 

0.73 

57       1.1 

Bj  47^ 

158 

19  13.45 

0.51 

37   52.3 

0,1 

Gl.  6171 

21 18 

28     3.96 

0.70 

7    11.3 

i;  452 

159 

20  13.38 

0.54 

29  10.1 

0.1 

V.  loo  is 

200 

28  20.14 

0.70 

lo      1.1 

6.8 

B    45  1 

160 

27     4.62 

0.53 

31  45.1 

6.5 

(11.  0220 

210 

:;:;  36.61 

1,  70 

:;:;  37.5 

6 : 

l;   470 

161 

31     6.30 

0.56 

18  10.7 

6.5 

CI.  0,2  10 

211 

35     107 

(071 

! 

6.7 

I;   170, 

162 

33  28.37 

0.57 

9  55  7 

6.5 

Gl.  0257 

212 

i:;  10.70, 

0.75 

i  7      7  :. 

6.7 

163 

11    12.40 

0.45 

39    16.8 

0.2 

G1.61  0' 

21:; 

7  17.30 

O.S2 

20  50.8 

6.8 

1;  618 

164 

34  40.50 

0.56 

52  40.8 

6.6 

Gl.  6263 

21  1 

LO  38  00 

0  84 

1:;  20.7 

B,  632 

165 

36   18.04 

0.57 

41   31.2 

6.6 

Y.  10748 

2  1  5 

12   17.87 

(0S| 

12   19.8 

6.7 

166 

35  22.26 

0.52 

16    10,:: 

6.4 

V.  10737 

210, 

13  31.7S 

0.85 

l:;  35.4 

6.7 

B,  0,12 

167 

35  :;o.lo 

0.52 

19  33.9 

6.4 

G1.6267 

217 

11  33.66 

O.Sl 

::.-,     1.1 

0.7 

10S 

35  33.52 

0.52 

22   10.7 

6.4 

G1.6268 

2  1  8 

12  30.34 

O.S2 

20     2.2 

6.6 

B.J. 

I6'.l 

36  32.34 

0.52 

38   30.2 

o.l 

<;  1.0271 

210 

1  1    5  1, s| 

0.83 

39  38.7 

0.7 

B  646 

170 

40     3.11 

0.53 

lo  4  2.:; 

6.5 

G1.6286 

220 

22     8.95 

0.82 

3   1  1.6 

o.l 

171 

25  40.70 

0.46 

26  23.1 

6.2 

(11.0210 

221 

25   57,. 71 

0.84 

12  34.4 

175 

172 

■13     2.58 

0.54 

11      7.1 

o.l 

G1.6309 

.,.,., 

24   56.23 

O.S2 

6.4 

B.  754 

173 

33   13.85 

0.49 

45  14.7 

6.3 

G1.6259 

223 

2::    10.87 

0.82 

2::    11.2 

6.4 

174 

30  27.22 

0.17 

lo  30.6 

6.3 

1,1.  02  1  1 

22  1 

30   20.72 

o.S7, 

26    127, 

o.l 

17:, 

39  21.7S 

0.51 

56   12.2 

6.4 

G1.6282 

225 

39  21.22 

0.88 

57    2(00 

176 

47  32.71 

0.55 

9  32.3 

0.0 

Gl.  6335 

220, 

31    44.71 

o.si 

51    13.6 

6.3 

177 

30  18.88 

0.47 

57    10:5 

6.2 

Gl.  0,2  12 

"27 

31    52.52 

o.si 

5s     10   1 

6.3 

L  701 

178 

4o  12.68 

0.55 

34  55.6 

6.5 

Gl.  634  1 

22  s 

:;i  56.51 

0.85 

47  10.;; 

6.2 

179 

53  35.07 

0.57 

lo  56.8 

6.6 

G1.6372 

220 

7,1    10,.;;:; 

17    20,  0, 

ISO 

57    13.75 

O.50 

23    lo.s 

6.6 

Y.  10917 

230 

11    50. SI 

1,  92 

27    15.2 

B    072 

IS] 

13    r,:.\s 

0.58 

38    lo.i 

6.6 

(.1   71 

231 

11      l.o  1 

0.91 

27  41.0 

5.7 

■ 

LSI' 

L3  38.50 

0.57 

43   16.0 

<;.:, 

K1.00 

232 

1  1    22.77 

11.02 

:;5    3.2 

5.7 

is:; 

1  50.64 

0.53 

35     1.0 

6.4 

(11.21 

233 

10  38.22 

001 

20,  51.:; 

5.0 

184 

3  20.34 

0.52 

36  32.2 

6.4 

Gl.  9 

234 

35  24.99 

l.oo 

0    15.1 

5.2 

185 

26  27.80 

0.0,1 

21   38.7 

6.8 

M.  11.  1  12 

2:;:, 

:;7    12.  so 

1  02 

10    15. s 

5.2 

Il      11"S 

ISO 

28  2l.oo 

0.62 

6   52.0, 

6.8 

M.  11.  155 

236 

37    14.31 

1  02 

10  30.6 

n  1100 

187 

15      1:6.43 

0.55 

12    10.0 

6.6 

Y.  1  1  1 

2:;  7 

38    1070 

1.02 

10,  16.3 

B    1120 

Lss 

15  58.52 

0.55 

9    12.0 

6.6 

\  .  1  5i  i 

238 

12   50.7  1 

1     Ml 

K    1102 

189 

31    17.50 

0.01 

12  58.3 

6.8 

(11.  101 

239 

I.',    12.12 

1.02 

;;i    12  l 

5.2 

17  1107 

I'M) 

30  41.14 

0.61 

39  25.7 

6.8 

(il.  150 

2  10 

I.;  57.98 

1  02 

32  200 

5.1 

B,  1212 

191 

29  41.27 

0.60 

IS   7,0. 7 

6.8 

(11.  155 

211 

10    17.20 

+  1.05 

31   58.0 

+    5.0 

192    38     8.60  1 

f  (1.0,2 

22  38.9 

+  6.8     1 

Gl.  193 

Note.  —  On  account  ,,t'  the  unusual  multiplicity  >>t"  comparison-stars  employed  bj  the  author,  it  t  ■ 
omitting  the  unessential  details  of  the  hour  In  a,  and  degree  In  S,  and  t,,  express  the  authority  bj   the  follow!] 


A.N.=  Aslr.  Nachr. 
A.J.  =  AstT.  Journal 

B.J.  =  /;,,/.  Jahrb. 

A      =  Boss,  Albany,   \.', 

Bi     =  Auwers,  Berlin,  A.G. 


Bj    =  Becker,  Berlin,  A.<; 
C.     =  Cape  1885 
C.B.=  Copeland-Borgen 
G.     =  Gould  G<  a.  I 


Gl. 


Glasgow  I 


K        =  Karlsruhe 

Kl.    =  Klinkerfues,  Gott.  '/.. 

M      =  Munich 

U\,       V  \      ,» 

O.      =  Ottakring  1 


R.III  =  Radcliffe  111 
Sen.    =  Schjellerup 

■\         —  Yarnall 


56 


i  111;    astronomical    dor  knal. 
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189S  Sept.  19th,    SLSterold  faint  In  haze;   wind  shook  telescope.  — 
22d,    dsterold  faint  in  loonllght.      36th,    Uterold  scarcely 

visible;  moon  near.      29th,    Asteroid  connected  bymicrometrlc  meas- 

nres  with  ;i  faint  star  near  by,  which  was  afterward  con ited  with 

^<.'.;     -Oct.24th,    Asteroid  difficult  In  moonlight  and  bad in:,'. — 

26th,    rii'-  observations  of  t  li«- 1  hir.l  -..-i  are  poor.  —  Jfov.  3d,  Asteroid 
hard  to  see  in  haze;   at  6h  S4ra  Ml',  it  coincided  so  nearly  with  a 

12.5  mag.  star,  that  they  seemed  to  b 4th,  Bad  Beeing.    - 

/,      5th,   Poor  seeing.  —  17th,  Observations  difficult  from  haze  ami 
moonlight.  — 1899  Jan.  6th,   The  declination  measures  of  the  third 

sel  disagree  verj  badly.  —7th,  The  third  set  of  observations  i-  i \ 

because  of  baze.  —20th,  Asteroid  very  faint  in  haze  and  m ilight 


during  ill.'  third  set.  —  23d,  Wind  sh.n.k  the  telescope  during  the 
third  set.  Feb.  1st,  Very  had  seeing.  9th,  Poor  seeing.  16th, 
Much  difficulty  from  clouds  an. I  moonlight.  —  23d,  Asteroid  very 
hard  to  see;  bad  definition.  Ifor.  i-'.  Asteroid  extremely  faint 
through  a  cloud,  during  the  first  set.  1 1th,  Asteroid  faint  in  a  cloud 
during  the  first  two  sets.  -     14th,   Bad  seeing;    windy;    moon  within 

thr legrees  of  the  planet.  —  16th,  The  Jn  observations  ..t  tin-  flrsl 

s.-t  were  made  with  the  driving  clock  running.  28d,  Observations 
quite  difficult  in  haze  and  moonlight  28th,  The  J  8  observations 
of  the  first  set  »  ere  made  «  iili  tin'  driving  clock  running.  —  Apr.  6th, 
Poor  seeing  throughout  tin:  evening, 


REMARKS   ON    MK.  MOULTON'S 

By  T.  J.  J.  SEE. 
Iii  the  interesting  application  which  Mr.  Moultom  lias 
made  of  t&e  criteria  of  stability  to  the  irregularity  in  the 
system  of  F.  70  Ophiuchi,  he  speaks  us  il  liis  results  rend- 
ered  tin'  hypothesis  of  a  perturbation  improbable.  Those 
who  will  examine  my  original  papers  in  A.J.Z5S,  363,  will 
see  that  1  foresaw  from  thr  first  the  difficulty  of  securing 
stability,  and  that  while  1  assigned  the  unseen  body  to  the 

, panion,  partly  because  it  seemed  unwise  to  introduce 

prolix  hypotheses  when  many  still  disputed  the  fact  of  a 
perturbation,  and  partlj  ln'cause  with  the  graphical  method 
employed  the  perturbation  would  be  more  obvious  if  as- 
signed to  the  small  star,  I  never  entertained  any  very  de- 
rided view  as  to  which  star  the  dark  body  attended.  Under 
(9)  .).-/.  :;•'.."..  I  remarked:  "While  we  have  spoken  of  the 
dark  body  as  attending  the  companion,  it  is  clear  that 
similar  phenomena  would  result  from  the  action  of  a  body 
revolving  round  the  central  star."  And  in  the  volume  on 
orbits,  which  appeared  shortly  afterwards,  I  had  so  far 
reached  the  conclusion  that  the  large  star  is  perturbed,  that 
I  gave  the  place  of  the  dark  body  referred  to  that  star. 
In  the  recent  examinations  of  this  system  made  in  Arizona 
I  always  assumed  that  the  dark  body  attends  the  central 
star,  and  on  several  occasions  suspected  an  obscure  satellite 
in  position-angle  160°,  but  could  never  confirm  the  suspicion 
even  under  those  fine  conditions. 


IWI'KK    IN    A../.  Mil, 


Noii..      The  remainder  of  Dr.  See's  communication  is 

omitted,  partly  because  it  has  no  pertinent  bearing  on 
Mr.  Mot  cton's  paper.  To  abbreviate  most  effectively  un- 
fruitful discussion,  Dr.  See's  remarks  were  transmitted  to 
Mr.  .Mori. ton  to  afford  him  opportunity,  if  he  desin 
reply;  but  he  declines,  on  perfectly  correct  and  dignified 
grounds,  to  do  so;  his  essential  and  sufficient  reason  being 
that  the  statements  are  not  in  accordance  with  the  facts. 

Here  the  matter  might  be  dropped  were  it  not  desirable 
to  direct  the  attention  of  those  who  care  to  consider  the 
matter  further,  to  the  remainder  of  Dr.  See's  paragraph  in 
A.J.  363,  of  which  he  here  quotes  only  four  lines  ;  and  also 
to  the  fact  that  his  book  of  computations  of  orbits  of  double 
stars  merely  reproduces,  without  addition  or  subtraction  of 
a  word  or  line,  his  article  in  A.J.  363.  It  therefore  affords 
no  evidence  of  change  of  view  or  modification  of  hypothe- 
sis. 

The  present  is  as  fitting  an  opportunity  as  any  to  ob- 
serve that  heretofore  Dr.  See  has  been  permitted,  in  the 
presentation  of  his  views  in  this  journal,  the  widest  lati- 
tude that  even  a  forced  interpretation  of  the  rules  of  catho- 
licity would  allow  ;  but  that  hereafter  lie  must  not  be  sur- 
prised if  these  rules,  whether  as  to  soundness,  pertinency, 
discreetness  or  propriety,  are  construed  within  what  may 
appear  to  him  unduly  restricted  limits. 

Ed. 


U.S.  Naval  Observatory,    Washington,   D.C.,  1899  May  18. 


No.  456,  line   9,  column  8,    for 

'•    11,       "       a,    for 

"      "      "    15,       "       8,    for 

No.  I.v.t.  in  column  "Authority' 


32».7      put     39*.9. 
588.26     put    598.59. 

14". 4      j'i't     17". 7. 

for  stars  3,  4  and  5,    for 


CORRIGENDA. 


Rogers    put     Graham.     (This  error  was  the  Editor's,  not  the  contributors.) 


CONTEXTS. 
Obsj  i:\atio.\s  of  Eros,  by  Herbert  A.  Howe. 
Remarks  on  Mi:.  Moulton's  Paper  in  A.J.4SI,  by  T.  J.  J.  See. 
Corrigenda. 
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NOTES   ON    VARIABLE   STARS,  — No.  28, 


Bl     II  EX  I;  Y     M 

A  New  Variable  in  Aquila.     My   observations   in 
that  DM.  +  15°40S2  is  a  variable  with  the  approximate  ele- 
ments 5587.60  +  7.90  E.      There  are  several  observations 

so  discordant  as  to  be  rejected,  and    many  varying    n 

than  half  a  day  from  the  mean  curve.      At  the  first 

in  the  second  observation  of  Ocl  .31,  the  remarkable  change 

of  brightness  was  noticed.     The  mean  maximum   is  s  '  |.;. 


!' A  1:  K  ii  r  RST. 

and  the  mean  minimum  9 ".20,     .1/ —  m  =  2.90.     The  com- 
parison star  1". .">'///(  V,  is  omitted  from  the  DM  - 

iistaken  foi 
the  I'",  scattered  observations  in  1896  at 
periodicity  was  ascertained,  are  in  satisfai  d  with 

these  elements;    but  a   Large  minority  vary  more  than  a 
day. 


liKSI    MS     of    (  IliSKl;  VAT  IONS. 


Observed  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

W 

Mag. 

S  Factors 

Remarks 

7155 

HI!  Aquilae 

Max. 

4507 

1896 

Lug.     5 

3 

-   78 

6 

7.(15 

_ 

_ 

Rises  rapidly 

7162 

RS  Aquilae 

Max. 

4588 

Oct.    25 

- 

- 

7 

9.38 

1.58 

2.20 

27 

•  218 

DM.  +  4°4332 

- 

_ 

- 

_ 

- 

- 

- 

_ 

- 

_ 

"  Missing;"  A.J.  388 

7234 

R  Capricomi 

Max. 

4481 

July  10 

41 

-  54 

3 

11.1 

- 

- 

- 

Long  interruptions 

—  Aquilae  = ) 

Max. 

1587.6 

Oct.    24 

0 

0.0 

6 

8.43 

0  L3 

0.20 

1 

See  note  above 

DM.+15  1082] 

Min. 

4593.2 

Oct.    30 

1 

+  0.6 

6 

9.20 

0.20 

0.13 

1 

S ad  obs.  i  let.  31  rejected 

a 

Max. 

1595.3 

Nov.     1 

1 

-  0.2 

6 

8.41 

_ 

- 

3 

it 

Min. 

4600.7 

Nov.     6 

•  i 

+■  0.2 

6 

9.27 

- 

- 

_ 

it 

Max. 

4635.6 

Dec.    11 

c> 

+  0.6 

6 

8.43 

- 

- 

4 

i  lbs.  Dec.  1 1  rejected 

« 

Min. 

4639.8 

Dec.    15 

7 

-  0.2 

6 

9.20 

_ 

- 

•  • 

v.  consecul i\ • 

« 

Max. 

1642.5 

Dec.    18 

7 

-  0.4 

3 

8.42 

- 

1 

Possible  after  Oct.  16 

« 

Min. 

4647.5 

Dee.     23 

8 

-  0.4 

3 

9.22 

- 

- 

1 

« 

Max. 

4650.8 

1 26 

8 

0.0 

6 

8. 13 

- 

- 

5 

7252 

1/'  Capricomi 

Max. 

4569 

Oct.      (i 

16 

+  30 

8 

12.2(1 

2  5 1 

L.49 

26 

Fluctuating 

7260 

Z  Aquilae 

Max. 

4533 

Aug.  31 

11 

-    14 

7 

8.97     L.52 

L.62 

32 

7261 

I!  Delphini 

Max. 

1  160 

.June   19 

12 

-     6 

2 

L0.1 

- 

- 

_ 

Perhaps  earlier 

7135 

Y  Aqiiarii 

Max. 

1481 

.lul\    L0 

- 

- 

1 

8.6 

- 

- 

71 6S 

T  Aquarii 

Max. 

1509 

A.ug.     7 

66 

-     8 

2 

8.0 

- 

- 

75(12 

X  Delphini 

Max. 

1 555 

Sept.  22 

- 

- 

9 

9.24 

1.19 

1 .01 

13 

7590 

Z  Capricomi 

Max. 

1586 

Oct.    23 

3 

-112 

6 

9.28 

0.58 

1  61 

24 

20,  from  per.  A.J.  372 

7896 

V  Pegasi 

Max. 

15711 

Oct.    L6 

1 

+     1 

(i 

9.39 

- 

- 

- 

From  elements  in  follow  Ing  aoti 

7907 

U  Aquarii 

Max. 

1625 

Dec.      1 

33 

+     6 

1 

L0.6 

- 

- 

- 

See  follow  ing  note 

7909 

S  Pise.  Aitstr. 

Max. 

1596 

Nov.     2 

11 

-   16 

7 

9.00 

o  34 

1.S5 

Is 

Faint 

7999 

X  Aquarii 

Max. 

1639 

Dec.    L5 

1 

+  31 

'.i 

8.66 

1.16 

26 

8290 

1!  Pegasi 

\l.r. 

L560 

Sept.  27 

16 

]■: 

9 

9.55 

0  7s 

L.02 

17 

8369 

W  I'ei/tl.ii 

Max. 

1525 

Aug.  23 

- 

- 

r. 

- 

- 

- 

Prov.  per.  :U7,  light-curve 

ii 

Min. 

1699 

Feb.    L3 

- 

- 

i: 

- 

8373 

S  Pegasi 

Max. 

1598 

V..          ! 

39 

+     6 

9 

8.62 

0  85 

16 

8512 

1!  Aquarii 

Max. 

1566 

Ocl       3 

82 

-   l:; 

9 

6  is 

0.50 

1.63 

12 

s.V.i  7 

V  Ceti 

Ma 

1621 

27 

L6 

s 

L.34 

1.75 

21 

8622 

W  Ceti 

Max.  A 

4629 

!  Ii 

3 

21 

7 

- 

- 

Corresponds  with  but 

" 

" 

Max.B 

1682 

Jan.   27 

•"• 

+■   32 

7 

Higher  max.  approaching 

58 
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V Pegasi.     Adopting   for   the  epoch  3346,  the  1 

,ii in  the   Harvard  Beries  of  fortj   o 

and  for  the  period  308  daj  5,  assigned  bj  J.  A.  Parkhi  rsi 
in  A.J.  I11"'.  mj   two  maxima,  in   L897  and  1898,  make  the 

.•.HI'.'. -lioHS    0    1 


I  [quarii.  Prom  Aug.  2  to  Dec.  21, 1886,  the  variable 
remained  invisible;  7  observations.  Predicted  maximum 
No\-.  22.     This  ■  eigh  all  the  ei  ii 

riodicitj . 


1  \  I .  I  \  1 1 . 1    \  i     Ob    EE  V  AT  I  ON  8 . 


7  1  .V.  /.'/,'  .  [quilae. 
,i  ,,ni.i...,n  u..  Comp  51 
Julian    Calendar      Mag, 

4464.6  June  23  M.<>] 

1 181.7  Jul]  1"  9.3 
1504.6  An-.  -  7.47, 
1507.6  5  7.72, 
1515.6  L3  r.58, 
4517.6  -  L5  S.16, 
1533.6           31  7.97, 

1539.6  Sept.  6  7.89s 
4543.5  10  8.05, 
1546.5  L3      8.28s 

4550.5  1.  8.35, 

1554.5  21  8.02 

1561.5  28  8.  M 

1579.5  Oct.  16  9.46a 

4586.5  23  9.57s 

7162  RSAquilae. 

(Cont.  from  425.  Comp.  Start 

1481.7  July  10    13] 

1539.6  Sept.    6    13] 

1542.6  9  13] 
4551.5  18  13: 
4572.5  Oct.  9  9.9 
4573.5  10  9.51 
4579.5  16  9.72s 
1586.5  23  9.40„ 
4595.5  Nov.    1  9.59„ 
4601.5  7  9.54, 
4606.5  12  9.55s 

4615.5  21      9.97, 

DM.+4°4332. 
3862      Oct.  "96  to 
4605      Nov/98    10 
12  dates 
7234  II  Capricomi. 

(Cont.  from 425.  Comp. Stars.) 

1481.7  July  10    11.1 
1489.7  18    11.55., 

4517.6  An-.  15    11.682 
1537.6  Sept.    1    11.87a 

—  Aquilae. 
DM.+15°4082 

1896 

3873.5  Nov.  9  7.10s 

3S79.5     15  8.25. 

3S86.5     22  8.75 

3895.5  Dec.  1  9.0S„ 

3901.4  7  8.85, 

3904.5  10      9.0p 


iila< .     ( 'nut. 

Julian    Calendar  Mag, 

3907.5  I  >-•.'■"."  1 ::  8.64, 

3911.5     17  8.61j 

3914.5     20  9.0,] 

3918.5     -1  9.2p 

3924.5  30  8.66j 

111  1.6  July    8  S.3 

1161.6  A.ug.  24  8.S 

1174.5  Sept.    (i  8.64 

1182.6  14  8.40 
11  v.i..-,  21  8.36 
4194.5            26  8.52 

1200.5  Oct.      2  8.77 

4210.6  12  8.87 
4215.5  17  8.33 
1221.5  23  8.95 
1247.5  Nov.  IS  8.79 
1283.5   Dec.  24  8.63 


Including  Observations  bj   AbThi  b  i 
7252  W  ( 'apri 

Julian    <  alendar       Mag, 

1898 

1538.6  Sept. 


4544.6 

1545.6 

4546.6 

1551.5 

4552.5 

1554.5 

1569.5  Oct. 

1575.5 

1579.5 

1580.5 


13.0 

12.27, 

12.71, 

L2.16s 

12.15 

12.47, 

L2.37, 

12.21, 

12.30, 

12.26, 

12.79, 


7502  XDelphini. 

rom  131.1  p.E 

Julian    Calendar      Mag. 

IBM 

I  181.7  J 
1539.6  Sept    6 


1488.6 

July 

17 

8.13,; 

1541.6 

Sept 

8 

8.79„ 

1574.5 

( let. 

11 

8.79J 

1585.6 

.... 

8.58, 

1586.5 

23 

8.59, 

1587.5 

24 

S.4I, 

1590.5 

27 

'.Mil,. 

1591.5 

28 

9.00, 

4593.6 

30 

9.15, 

451)4.5 

31 

8.43., 

1594.6 

31 

8.84, 

1595.5 

Nov 

1 

8.41, 

1596.5 

2 

8.61, 

1597.5 

3 

1598.5 

4 

8.73, 

1600.5 

6 

9.27, 

L601.5 

7 

8.96. 

1609.5 

15 

8.92, 

1610.5 

16 

8.79« 

4615.5 

21 

8.64. 

4619.5 

25 

8.505 

4(131.5 

Dec. 

i 

9.09, 

4032.5 

8 

8.75, 

1633.5 

9 

8.74- 

4635.5 

11 

9.216 

4637.5 

13 

8.57( 

1638.5 

14 

8.96, 

4639.5 

15 

9.165 

4640.5 

16 

8.98 

1642.5 

18 

8.42 

4047.5 

23 

9.22, 

1650.5 

20 

8.49; 

1652.5 

28 

8.83. 

7260  Z  Aquilae. 

Cont.f rom  425.  Comp.Sta ra  89S 

I  164.6  June  23  10.5] 

4481.7  July  ID  9.9 

4508.6  Aug.    6  9.94„ 

1517.6  15  9.00, 

4537.5  Sept.    1  '.Lis.. 

4541.5  8  8.95J 

4543.5  10  9.08, 
45|i;.5           13  9.25, 

7261  BDelphini. 

(Continued  from  425.) 
1898 

4458.6  June  17  lO.lp 
1462.6  21  lO.lp 
4481.6  Jnly  10  II.Op 
4507.6  Aug.    5  11.2* 

7435   YAquarii. 

(Continue.  1  from  425.) 
1898 

44Sl.ll  July  10  8.6 

4489.0  18  9.2 

4508.6  Aug.  6  9.35, 
4517.0  15  9.44" 
4538.5  Sept.  5  9.51, 
4544.5  11  9.71, 
455H.5  17  9.66 
4552.5            19  9.73; 

1579.5  Oct.   16    11.7  " 

7468  TAquarii. 

(Cont.f  rom  431.  Corop. Stars  43S, 
1898 

4481.7  July  in      8.7 
4481.7  10      S.2p 

1508.6  Aug.  6  8.03 
4517.0  15  8.33., 
4533.6            31      8  3  ! 


1541.6 
1542.5 
15  15.5 
1549.5 
1552.5 
1556.5 
1 55: 1. 5 

1561.5 
1564.5  Oct. 

I57i  1.5 
I5SH.5 


13] 

in. I 
9.58, 
9  in 
9.40, 
9.39, 
9.34, 
8.98 
9.40 
9.4  1 
9.47, 
9.23 
9.67, 


.  590  Z  Capricomi. 

.  ..ni.ii.in.  I .".]  .  omp.Stai  ■■',': 

1898 

15  15.5  Sept.  12  11.8 

1 572. 5  Oct.     9  10  1 

4575.5  12  10.00, 

1583.5  20      9.47, 

1587.5  24      9.21, 

1595.5  Nov.    1      9.52 

1  on  1.5  7      9.70' 

1606.5  12      9.59, 

4637.5  Dee.  13  11.8 

7896  V  Pegasi. 

(Continue.!  from  431.) 

1569.5  Oct!*  6      9.4 
157i  i.5  7      9.40, 

1575.6  12  9.5S„ 
4580.5  17  9.26„ 
4585.5            22      9.52J 

4590.5  27      9.74, 

7907  U Aquarii. 

(Continue.l  from  314.) 

4538.6  Sept"  5    11.8 
4539.5  6    11.46„ 
4554.5            21    11.81 

1570.5  Oct.  13  11.06, 
10H5.5  Nov.  11  10.70 
4G25.5  Dec.     1    10.63 

7909  S.  PiscAustr. 

(Cont.from372.Coinli.Stai  -:.7J 

1587.6  <>ct '\'4  9.54, 
1595.5  Nov.  1  8.77, 
1600.5  6  9.06„ 
4601.5  7  9.20., 
4606.5  12  8.95, 
4614.5  20  9.32 
1015.5             21  9.47., 


7999  X  Aquarii. 

■in  431.) 

Julian    Calendar    Mag, 

1572.5  Oct.     9  12: 

4576.5  13  11.43, 

1580.5  17  10.47 

I5.sc,..-,  23  lo.li'' 

1595.5  Nov.     1  9.93, 

1001.5  7 

1606.5  12  9.20, 

4614.5  20  8.93 

1615.5  21  8.73, 

1619.6  25  8.70, 
1624.5  30 
1630.5  Dee.  6  8.83, 
1637.5  13  8.64 
10  17.5  23  8.56 
1650.5  26  9.12, 
4653.5  2:1  9.40, 

8290  R  Pegasi 

(Continued  from  400.) 

4546.5  Sept.13  9.0 

1553.5  20  9.404 

1554.5  21  9.78, 

4556.5  23  9.65, 

4560.5  27  9.37, 

4563.5  30  9.63 

1570.5  Oct.  7  9.51, 

4576.5  13  10.37 

45S0.5  17  10.62, 

8369  W  I>,  gasi. 

.Continued  from  431.) 

l-'.i- 

4574.5  Oct.  11   9.8 

4583.5  20  10.58, 

4597.5  Nov.  3  10.7 

4032.5  Dec.  8  11.0:p 

8373  5  Pegasi. 

•  Cont.fr, im431.    Comp.Stars.) 

1898 

1546.5  Sept.13  10.3 

4570.5  Oct.   13  9.54, 

1580.5  17  9.34., 

4586.6  23  9.17, 
I5H5.5  Nov.  1  8.39, 
459S.5  4  S.55„ 
4600.5  6  8.67, 
4001.5  7  8.77, 
1608.5  14  8.80, 
4014.5  20  8  93, 
4632.5  Dec.     8  9.2r 


N°-464 
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851 

2  li  Aquarii. 

(Contlnui.'<l  trom 

431.) 

Julian 

Calendar 

1898 

Mag. 

155 1 .5 

Sep1 

21 

•7.1 

1556.6 

23 

7.40 

4560.6 

•  >- 

7.062 

4561.6 

2S 

6.82, 

4562.5 

29 

6.8  1 .. 

4563.5 

30 

c..:.i. 

1564.5 

Oct. 

1 

6.25s 

4569.6 

6 

6.662 

851  2  /.'  Aqua 
Julian     Calendar    Mag. 

1572.5  Oct.     9      0.7.7, 
1575.5  12      6.59s 

1583.5  20      6.62, 

8597  V  Ceti. 
(Continued  a  i 

icos.-,   Nov:  I  I      s.'.m 

1614.6  '-''I      8.652 
4619.5  25      8.61, 


8597  V  Ceti.     -Cont.  8622   FJ 

Julian    Calendar    Mag.  Julian 

1624.5  Nov.30      8.47  1608.5 

1631.5   Dec.     7      8.72.  161  1.5  20 

1635.5  11       8.80  L624.5  30 

1639.5  15      8.80s  1630.5  Dec.     6 

8622  WCeti.  l'';:::!  ,;; 

(Continued  from  1310  HioO.O  26 

1597.5  Nov.    :;      9.86  1662.5 

1600.6  6      9.83'  1672.5  17 


2    ;i ■  ■ 
Mag.       Jul!  .. 

5  "■•-  - 

°  ■■'•'■:     107.-..-. 

1°]-.  1677.5 
8.81, 

685.5 
8  11.  1690 

8  17 


■jn 


Comparison-Stars,  1893   L898. 


7162  RSAquilae. 


Star 

DM.           Mag. 

n 

Star          DM. 

U 

_8°5185       8.50 

1!) 

K 

1  1  5670 

W 

-8°5183      9.45 

27 

N 

_  1  l  5664 

X 

-7°5127       9.66 

16 

Q 

-15  7.7.17 

Y 

-S°5188       9.87 

1  1 

R 

-  1  1  5654 

IF 

-8°5190     10.25 

10 

T 

-14  5652 

a 

1.3s0.1pY  10.75 

4 

U 

_  1  1  '5666 

f 

l.OnlAfY  11.74 

2 

Y 

1  1  '5658 

.'/ 

0.isl.6fY   11.86 

1 

Z 

-14°5656 

h 

1.8s4.3'i>F  12.11 

6 

\z 

-   1  1  5660 

k 

0.1w3.5pF  12.60 

3 

h 

5s7p        Y 

I 

0.5s5.5j?F   12.86 

1 

! 

6/       r 

723 1  /.'  '  '"/"■ 

Mag. 

8.06 

,8.40 

8.58 

8.55 

9.37 

9.36 

11.10 

L1.16 

L1.21 

11.66 

11.99 


8 

8 

1 

12 

10 

15 

35 

36 

10 

4 

21 


7242  S  Aquilae. 


Star 

R 
W 
X 

■ix 

Y 

2  1" 

n 
la 

b 
lb 

d 


DM. 

+-17.  1082 
+  15  W75 
1  15  1070 
1  L5°4076 
+  15'  1079 
+  15°4080 


8s2/ 
in  I/. 
I  n  'dp 
2*5/ 
4s 


Mag. 
var. 
9.16 
9.27 
9.22 
8  89 

9.48 
9.72 
8.29 

10.1  I 
9.50 

Ki.lo 


23 


[6 


Star  DM.  Mag 

/'  +  8  51 1 1 1 
S  +8°5042 
X     +8°5045 


a  1*4/ 

b  2/ 

/  i  ■--/' 

I  Islp 


8.81       0 
9.35     19 


0.77     11 


Y     +8°5046     10.04 


S  9.82  22 

7  11.06  3 

X  11.54  3 

S  12.44  11 

_  70  11 

1  13.08  6 

Y  13.1-  5 


DISCOVERY   OF   TWO   NEW   SOUTHERN    VARIABLE   STARS, 

i;v  R.  T.  a.  i\\i>. 
[Communicated  by  Dr.  David  Gill,   11.  M.    Astronomer.] 
Cape  1880  N.  8527     (1875)      15"  34m  26'.5        -54     35'.] 
In  looking  down  the  columns  of  the  Cape  Photographic 
DM.  I  noticed  that  this  star  had  not  been  observed  in  the 
Cordoba  Zones,  although    other  bright  neighboring  stars 
had  not  escaped  Dr.  Gould's   scrutiny.     The  star    might 
therefore   be    variable.     My    first   observation    practically 
settled  the  question  in  the  affirmative.     This  star  was  ob- 
served here  thrice  in  1876  with  the  Transit  Circlej  i\ 
nitude  being  recorded  as  (i,  (J -7  and  6-7  respectively.     Be- 
low, these  magnitudes  are  roughly  reduced  to  the  Cordoba 
scale.     Not  being  a  Lacaille  star.  Cape  1880,  8527  was  no 
doubt  added  to  the  T.-C.  working  list  on   account    of  its 
brightness  at  the  time  that  the  m  ighboring  star  Lac. 6482 
was  observed.     Hence,  it  may  be  that  a  maximum  oci 
about  that  time. 


We  have 

L876  duly  15 

Maximum 

Aug.   2 

1 

7.o 
.  .'■'> 

(! 
(Plate  137) 
L899  Feb.  L8 
20 

7.o 

ll.o     r 
10.5 

\    gill 

C    C. 


C.P.D. 

1 
I 


189!)  Feb.  21  L0.3  1 

.Mar.    9  0.7  I 

21  9.5  I 

Apr.  23  7.3  3  ellow  =  4           1 

( In  accounl  of  thi  is  star  the  pi 

magnitude  ■■■■  I  ban  the  visual. 

(M'.D.-  35  .  7270      1  1875)       17    39     56'.0 

Phi        u   (C.P.D.  mag.  -  0.5,  is  C.P.D 

7207.  mag.  9.2,  but  the  hitter  only  occurs  in  the  1  lordoba  1  >M 
where  its  magnitude  is  given  as  9.7.     As  I  found  the  former 
much  the  bri  fbter  it  was  kept  under  observation  for  varia- 
bility with  the  folic wing  result: 

(C.  P.  D.       35°,7267  taken  =  9> 


L898  -i 

I 

5 
30 


Aug 

Sept. 


Oct. 


9.2 

M.-, 

M  .5 
10.7 


|sms    0 

12 

10.6 

L5 

H'  1 

17 

10.4 

2  1 

in  7 

N 

12 

iu\ 

r.  under  l.O 

- 

23 

0.1 

8 

Referring  to  the  •■  Notes  on  Southern  Variab 
A.J.  442,  the  star  C.Z.  XVI,  911,  does  no1  exist  : 
li. .us  belong  to  .1  near  star  which  is  m 


Royal  Observatory,  Capi   of  Good  Hope,   1809 


GO 


Til  E     ASTRONOMICAL     JOUEN  A  L, 


V     It.  1 


EPHEMERIS  OF   COMET    1898    VII. 

Bi   C.   J.    MERFIELD. 


The  appended  ephemeris  of  this  cornel  has  been  prepared 
anticipating  thai  further  observations  may  be  obtained. 
From  certain  information  received  bj  the  computer,  there 
WOuld  appear  to  be  everj  probability  of  this  apparition 
being  observed  as  a  morning  objecl  during  July  uext. 


The  data  used  in  preparing  the  ephemeris  are  the  co- 
ordinates of  the  cornel  computed  from  my  hyperbolic  ele- 
ments (A.N.  3546),  combined  with  the  co-ordinates  o 
sun  derived  From  the  Nautical  Almanac. 
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THE   DOUBLE   HEAD  OF   COMET  a.  1899  (swift), 

By  E.  E.  BARXARD. 


On  examining  Swift's  comet  with  tlie  40-inch  on  May 
20th,  1  was  struck  with  the  appearance  of  the  head.  It 
was  distinctly  double.  There  was  a  second  and  smaller 
condensation  —  exactly  similar  to  the  main  condensation  — 
preceding  and  south,  which  gave  the  head  the  appearance 
of  a  double  and  somewhat  unequal  nebula.  This  has  been 
measured  for  the  past  four  mornings  and  the  smaller  con- 
densation is  decreasing  its  position-angle  several  degrees  a 
day,  and  the  distance  between  the  two  components  seems 
to  be  increasing  —  probably  an  effect  of  perspective. 

Though  well  seen  on  the  21st,  the  smaller  one  was  less 
t.istinct,  perhaps  due  to  increased  moonlight.  It  was  still 
fairly  well  seen  on  the  22d  but  difficult  to  measure.  On 
the  23d  the  increase  of  moonlight  and  a  white  sky  made  it 
excessively  difficult,  and  the  measures  are  uncertain  on  that 
date. 

Yerkes  Observatory,   Williams  Bay,   Wis.,  1899  May  24. 


Following  are  the  measures  obtained  —  the  smaller  body 
being  referred  to  the  larger : 
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The  comet  has  been  cpiite  noticeable  to  the  naked  eye. 
On  May  the  18th  it  was  estimated  to  be  5+M.  Though 
there  is  no  decided  tail  as  seen  with  the  naked  eye,  a 
photograph  showed  a  slender  tail  6°  or  8°  long  on  the 
above  date. 
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MEASURES  OF   A    SECOND    NUCLEUS 

B\   C   I).  PERRINE 

After  passing  perihelion  this  cornel  showed  such  an  in- 
crease of  brightness  and  other  evidences  of  internal  action 
that  it  was  carefully  examined  with  the  36-inch  refractor 
for  changes  in  the  nucleus,  which  was  very  bright  ami  well 
condensed.  It  was  first  observed  on  the  morning  of  May 
7,  using  a  power  of  270.  The  seeing  was  not  good,  bhe 
star  images  being  considerably  blurred.  Following  are 
notes  made  at  the  time. 

"No  structure  to  be  detected  in  the  coma.  The  nucleus 
is  sharp  and  under  the  atmospheric  conditions  existing  does 
nut  differ  from  a  star.  Nucleus  fully  7th  magnitude,  pos- 
sibly brighter.     North  preceding  the  nucleus  there  is  a  small 

appendage    brighter   than   the  surrounding  coma— al t 

10"  in  length  and  half  as  wide.  The  head  of  the  comet 
fills  the  entire  field,  using  a  power  of  270." 

The  comet  was  observed  the  following  night,  the  appear- 
ance being  practically  the  same. 

It  was  next  examined  on  May  11,  when  a  second  nucleus 
Lick  Observatory,  University  of  California,  1S91I  May  15. 


IN    COMET  a  l >'.''.'  i  -Hz//). 


was  distinctly  visible.      I  is  about  one 

and  one-half  magnitudes  fainter  than  the  \  rincipal  in 

"stimated  at  s '•'.<»  and9*.5,   Neither  nucleus  ■■    -  stellar 
with  a  power  of  270  and  still  less  sharp  with  a  power  of  520. 

Following  are  the  meas 
of  the  fainter  nucleus  referred  to  tin-  brig] 
Gr.  M.T. 
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During  the  interval,  May  11  to  14,  the  distam 

the  earth  and  comet  has  diminished  about  one-tenth,  which 
would  account  for  a  portion  of  the  increase  in  apparent 
distance  between  the  nuclei  were  they  relatively  fixed. 
The  greater  portion  of  the  observed  increase  in  distance 
in  all  probability  corresponds  to  an  actual  separation  of 
the  two  portions. 
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OBSERAATIOXS  OF   EROS, 

By  WILLIAM  .1.   HUSSEY. 

The  following  observations  of  Eros  have  been  made  with 
the  12  and  36-inch  refractors  of  the  Lick  Observatory. 
Whenever  the  planet  and  a  catalogued  star  were  sufficiently 
near  each  other,  the  differences  of  right-ascension  and  dec- 
lination have  been  obtained  by  direct  micrometer  measure- 
ment. I  have  preferred  this  method  to  that  of  transits, 
and  frequently  when  no  catalogued  star  was  near  enough 
for  direct  measurement,  I  have  selected  some  faint  star  for 
comparison  and  afterwards  connected  it  with  a  catalogued 
star. 

In  making  an  observation  the  usual  program  has  been  as 
follows  :  Four  settings  were  first  made  to  determine  the 
difference  of  declination,  then  eight  settings  to  determine 
the  difference  of  right-ascension,  and  finally,  four  more  set- 
tings to  determine  the  difference  of  declination.  The  two 
sets  of  declination  measures  have  been  combined  to  give  a 
result  corresponding  to  the  epoch  of  the  mean  of  the  right- 
ascension  settings.  The  incomplete  observations  were  made 
at  the  time  of  connecting  the  comparison-stars,  the  times 
of  transit  of  the  planet  having  been  recorded  on  the  chron- 
ograph along  with  the  transits  of  the  stars. 

The  star  places  given  are  not  definitive.  1  have 
been  content  to  obtain  their  places  from  a  single  authority. 
The  A.G.  positions  have  been  given  wherever  availa- 
ble. 

From  observations  of  August  15,  September  27,  and 
November  11,  T  obtained,  last  November,  elements  as  Eol- 
lows  (cf.  Astr.  Nach.  N<>.  3537) : 
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A  comparison  of  my  observations  made  during  1898  with 
an  ephemeris   computed    from    these   elei  -    the 

following  mean  residuals  : 
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December      '.»  to  12, 

21  to  2;:. 

The  observations  for  lS'.i'.l  have  not  been  compared  with 

the  computed  places  except  in  isolated   cases.     Tl 

have,  for 
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From    these    residuals    it    appears    that    t!;i 

closely  represent  the  observed  path  of  the  planet  during 

four-tenths   of  a   complete    revolution   and   that   tin. 
tions  which  thev  will  requite  will  he  very  small. 
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8,8 

+  0     2.50 

+ 

4 

15.6 

0  48     3.21 

+  1.",  40  33.4 

9.673 

0.683 

15 

7  42  35 

61 

8,8 

+  0  11.48 

+ 

3 

24.4 

0  53  57.1S 

+  14  11  53.1 

9.07,0 

0.653 

16 

S  10  57 

62 

8,8 

-0     5.54 

_ 

2 

36.5 

0  56     1.80 

+  14  29  31.0 

9.669 

0.672 

20 

7   1'S   17 

64 

8,8 

+0  16.59 

4- 

ii 

8.1 

1     9  11.65 

+  15  25  5S.0 

9.645 

0.638 

21 

7  22  16 

66 

8,8 

-0     9.03 

_ 

2 

41.9 

1  12  16.60 

+  15  40     0.1 

9.941 

0.633 

Mar.     5 

8  10  31 

68 

S  ,8 

-0     7.35 

+ 

0 

21.1 

1  51     1.7,1 

+  1S  22  22.7 

9.684 

0.664 

11 

S  29  39 

7n 

8  ,  8 

-0  12.67 

+ 

1 

45.3 

2  11   21.80 

+  19  36  53.3 

9.693 

0.67S 

Apr.     4 

7  54     :; 

71 

8,8 

-0  22.79 

_ 

3 

32.6 

3  3S  44.50 

+  23  19  41.5 

9.695 

0.629 

7 

S  32  46 

-•> 

8,8 

+  n  14.02 

+ 

1 

52.1 

3  50  24.70 

+  23  36  44.4 

9.7H7 

0.673 

10 

8  11  7.4 

74 

8,8 

+  0     1.72 

+ 

0 

35.1 

4     2     1.87 

+23  7,o  41.4 

9.703 

0.644 

12 

S     3  51 

76 

8  ,  8 

+  0  13.27 

+ 

2 

10.7 

4     9  51.66 

+  23  58  17.3 

9.001 

0.560 

1  1 

S     9  .Mi 

,  7 

8,8 

-0     7.89 

+ 

0 

23.3 

4  17  45.48 

+  24     4  33.9 

9.704 

H.0,11 

14 

8  19  33 

78 

8,8 

-0     8.35 

+ 

0 

34.3 

4  17  47.05 

+  24     4  34.1 

9.706 

0.656 

19 

S  29   17, 

79 

8,8 

-0     4.33 

+ 

1 

49.0 

4  37  40.01 

+24  13  50.4 

9.709 

0.671 

20 

8  41  51 

81 

8,8 

+  0  21.58 

+ 

4 

17.5 

1    11    41.7,7, 

+  24  1-1   42.5 

9.709 

0.642 

May     4 

8     7  56 

82 

8,8 

-0     7.47 

+ 

3 

41.4 

5  37  56.04 

+  23  46     7.6 

9.702 

0.642 

5 

8  47     3 

S4 

8  .S 

+  0     3.67 

+ 

1 

17.S 

5    12  10.78 

+  13  41  11.5 

9.707 

0.6S7 

9 

8  16  29 

86 

S  .S 

+  0     4.03 

+ 

1 

3S.1 

5  58     4.21 

+  23  17  47.8 

9.706 

0.076 

N°-  464 
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Mean   Places  for  IS98.0  and  1899.0  of  Comparison- Stars. 


* 

Red.  in 

3 

a 

app.  plai  e 

app.  place 

Authority 

1 

20   i:"  L2.00 

+4.35 

-  6  is     5.6 

+  18.3 

DM.  -  o  5608,  I;. ill.  Vienna,  Ottai 

2 

L'ii    10  37.12 

I.:;:, 

-   6   is  .v..  | 

18.2 

DM.  -o  50ii.-,.     ••           •■              ••            « 

3 

20   15  12.37 

4.33 

-  6  17,  30.9 

17. s 

DM.  -6  5600,     ••          " 

4 

20  44  11.92 

1.32 

-  6  20  26.0 

IS.O 

DM.  —6  55or,.     '                  with  *5 

5 

20    12  45.76 

4.32 

-  6  2:;  52.5 

18.1 

DM.      6  5588,  Ball,  Vienna,  i 

6 

20    13  18.59 

1.32 

-  6  18  45.8 

is.i 

DM.  -6°5589,     ■• 

7 

20  42  19.80 

1.31 

-  6  24    18.2 

17.7 

DM.      6°5586,     ■■         "             ••            " 

8 

20  38  29.06 

1.21 

-    6   19    15.S 

17.7 

DM.  -6  5567,     ■•          "              "            " 

9 

I'D  35  59.60 

4.17 

-   6   21    57.7 

17.7 

DM.  -6  5558,     •■                         •■            « 

10 

21     5  55.33 

:;j\<; 

-    4   55  22.9 

10.S 

Valentincr.  Karlsruhe  Zones 

11 

21     6  50.36 

3.63 

-  4  51   14.8 

19.7 

Connected  with  ^  ]o 

12 

21  11  24.48 

3.59 

-  4  11  23.9 

I'O.O 

( lonnected  with  >|cl3 

13 

21  11      1.97 

3.59 

-    1   15     9.2 

19.9 

[i  ni|i  8587 

14 

21    13     7.H5 

3.58 

-  4     6  51.0 

20.1 

Valentiner,  Karl.-i  uhi   /. 

15 

21  15  44.84 

;;.:,i; 

-  3  51     7.4 

20.3 

1          eted  with  *  16 

16 

21  15  11.57 

'.'>..~>i'> 

-  3  5:;   16.0 

20.3 

Schjellerup  8624 

17 

22     3  20.54 

3.46 

-  o  26  15.0 

23.1 

"          9032 

IS 

22     5     1.94 

3.47 

-   0   21     15.1 

25.1 

Connected  with  *17 

19 

22     6  57.02 

3.46 

-   0    11'    17.2 

23.3 

»            »      sje20 

20 

22     8     6.39 

3.46 

-  0  17,  43.6 

23.3 

Schjellerup  007  1 

21 

22     8  59.33 

:;.I7 

-   0     1    22.2 

23.4 

lo±M.     Connected  with  $22 

22 

22     '.i     2.12 

:;.  17 

-   o     5  17.0 

25.  1 

11, 1  and  Borgen,  0                             ill1:; 

23 

22  28  13.su 

5.51 

+  1  34  43.8 

21.1 

I'M.  +1°I621.     Connected  with  *2I 

24 

22  29  57.88 

3.49 

+    1   54     2.5 

24.3 

Boss,  Albany  A.G.  Catal.  7812 

25 

22  30  20.H5 

5.51 

+   1  49  37.6 

21.:; 

114-".     Connected  with  *20 

20 

22  33  17.H7 

3,49 

+    1     10    KM 

2  1.5 

Boss,  Alli;m\  A..G. Catal.  7832 

27 

22  33  15.72 

5.47 

+  1  5:i  42.2 

2  1.5 

ected  with  *i's 

28 

22  33   14.67 

5.17 

+  1   5o  34.4 

21.5 

DM.  +10I657.     Bonn  Beob.  VI 

29 

22   11   57.79 

3.49 

+  2  46  51.5 

24.9 

114".     Connected  witli  *30 

30 

22   1 1   16.69 

3.50 

+    2    12    11.0 

25.ii 

Boss,  Albany  A. (J.  Catal.  7889 

31 

22  57  41.02 

(i.ll 

+   4   16    17.1 

6.1 

"          '•    '           "          7051 

32 

23     3  10.72 

0.45 

+    1   55     o.S 

6.0 

«             «                   ■•             7'.is| 

33 

23  41     3.53 

u.52 

+    7  50   12.1 

6.4 

!          < lonnected  with  ^:'> I 

34 

23  39  21.78 

0.51 

+   7  r,r,  42.2 

6.1 

1 1      ■;,  iw  6282 

35 

23   18  54.47 

0.55 

+   8  39  55.0 

6.5 

Etumkei  1 1 72 1 

36 

23  54     8.33 

0.56 

+  9     7  49.1 

i\j\ 

1U».     Connected  with  *37 

37 

23  53  39.00 

0.56 

+  8  50  21.8 

6.6 

Schur,  Gettingen  Catal.  6862 

38 

23  59  50.82 

0.57 

+  9  49   is. 7 

6.7 

\Yeisse-l!e*sel   25''1  1S1 

39 

0     2  38.53 

0.57 

+   9  51   57.s 

6.7 

ll!.     Connected  with  *  10 

40 

0     4  3U.17 

0.58 

+    9  57    14.6 

6.7 

.  i  r6t1  ingen  Catal.  16 

41 

(i     0     3.29 

0.58 

+  10     4  26.3 

6.6 

«              ..              ..     28 

42 

0     7  41.79 

0.57 

+  10  31      1.2 

6.0 

<  !oni ted  with  *  13 

43 

0     4  50.58 

0.53 

+  10  55      1.3 

6.6 

Glasgow  21 

44 

(i  27   12.05 

0.61 

+  12    15    1  l.o 

6.8 

Bonn  Beob.  V]  ^ 

4.-, 

0  30  51.82 

0.63 

+  12   21    39.6 

6.8 

«     VI  61 

40 

o  :;u    0.55 

0.6,2 

+  12  2  1    56.0 

6.7 

I  I  .        C ited  with  $  17 

17 

(1   20   27.90 

0.02 

+  12   21     12.2 

6.8 

Schur,  <  rdttingen  Catal.  1  12 

48 

o  32  46.20 

0.63 

+  12  31       1.8 

OS 

with  *  19 

49 

o  30  41.28 

0.6,2 

+  12  .",0   25.1 

6.S 

Schur,  G6ttingen  Catal.  170 

.-,() 

ii  36  11.87 

0.64 

+  12    is    18.3 

6.0 

12".     Connected  with  *51 

SI 

u  38  57.H2 

0.6,5 

+  12  45  16.8 

6.0 

Schur.  Gottingen  Catal.  219 

52 

u  39    2.3] 

0.63 

+  15     1   l:;.l 

6.9 

i  lonnected  n  ith  $53 

.").'  i 

o  57  23.85 

o.»;:; 

+  1;;    5  28.7 

0  0 

Schur,  Gfittingen  Catal.  210 

54 

n   12    6.43 

0.6  1 

+  15  L'o  31.9 

6.7 

l>>\     Connected  b  ith  ^-~>'< 

55 

II    1  1       C.nil 

0.65 

+  15  26   19.1 

7.0 

1  722 

56 

n   11   21.56 

o.oi 

+  13   27     0.5 

6.9 

.   II  227 

57 

'   0  48  1  1.59 

0.65 

i  13   is  27.2 

0.7 

( lonnected  « ith  >t-  58 

58 

<>    17   51.65 

0.0  1 

+  15  r,r,  29.3 

OS 

Schjellerup  :;o7 

59 

n   is     11.07 

0.6  1 

+  15    11'    ll.o 

6.8 

Connected  with  *oo 

60 

ii  17  ;;i  46 

0.0,1 

+13  50     i  8 

6.8 

70" 

01 

(»  55   15.05 

0.05 

+  11     11     21.0 

6.S 

Munich    298 

62 

ii  57     <\.t<:> 

0.69 

+  14  32     o.6, 

.    6.9 

ii       i  oni  ei  ted  with  *63 

63 

(i  58    16.77 

+  0.70 

+  11    II      7.2 

+  r,.'.\ 

oso 

64 
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64 

ii     i 
1     8 

5  t.37 

+  15 

25    l.:.l 

+   6*8 

DM.  +-15178.     Connected  with  *65 

65 

1     8 

47>.7(» 

0.69 

+  15 

35 

57.5 

6  s 

Auwers,  Berlin  A  < ;.  < latal.  '.'•  17 

66 

1    L2 

25.21 

0.72 

+  15 

12 

35.1 

no 

10".     <  lonnected  with  #67 

67 

1    L0 

52.90 

0.71 

+  15 

38 

3.5 

6.9 

Auwers,  Berlin  A.<;.  Catal.  356 

68 

1   -I 

8.09 

0.77 

+  18 

21 

54.9 

6.7 

1 1  '.     <  lonnected  with  s|c69 

69 

1   51 

59.98 

o.77 

+  1S 

29 

55.9 

6.7 

\      ers,  Berlin  A.<i.  <  latal.    560 

7(i 

2   11 

33.66 

0.81 

+  10 

35 

1.1 

6.6 

«            «              635 

71 

3  39 

6.27 

1.02 

+  1'.-, 

23 

s.7 

Becker,        "            "            L127 

-•< 

3  50 

'.1.70 

L.04 

+23 

:;i 

17.:; 

5.0 

11".     ( lonnected  wil b  *73 

7:: 

3    19 

17.26 

L.03 

+23 

31 

58.0 

5.0 

Becker,  Berlin  A..G.  Catal.  1249 

74 

l     1 

59.10 

1.05 

+23 

60 

1.7 

1.6 

10".     <  lonnected  with  ^  75 

75 

1     3 

10.61 

L.04 

+  23 

is 

24.1 

1.6 

Becker,  Berlin  A.<i.  Catal.  1341 

76 

l     9 

37.32 

1.07 

+23 

56 

2.3 

1.3 

Bonn  Beob.  \  1  656 

77 

1    17 

52.27 

1.10 

+  24 

l 

6.5 

1.1 

Becker,  Berlin  A.G.  Catal.  1416 

78 

4   17 

54.30 

1.10 

+  '.M 

3 

56.8 

1.0 

«             ••             1417 

79 

1  37 

13.18 

1.16 

+24 

ii 

57.0 

3.5 

13*.     Connected  with  *80 

80 

1  39 

10.26 

1.16 

+  24 

13 

23.6 

3.5 

Becker,  Berlin  A.G.  Catal.  1512 

SI 

1    11 

10. si 

1.16 

+24 

10 

21.3 

3.5 

DM.  +24*686.     Connected  with  *80 

82 

5  38 

2.21 

1.30 

+23 

12 

24.9 

1.3 

12',".     Connected  with  *83 

S3 

5  39 

49.04 

1.30 

4-23 

12 

22. 1 

l.i' 

Becker.  Berlin  A..G.  Catal.  1934 

84 

7.  42 

5.00 

1.30 

+23 

39 

52.6 

1.1 

9  j  ".     Connected  with  +85 

85 

5   12 

L0.42 

1.30 

+23 

37 

10.2 

1.1 

DM.   +-23  lo55.  Bonn.  Beob.  VI 

86 

5  57 

58.86 

+  1.32 

+  2:; 

10 

0.1' 

+   0.5 

Becker,  Berlin  A..G.  Catal.  2151 

The  observations  of  the  following  dates  were  made  with 
the  3G-inch  telescope  :  Sept.  7  ;  'Nov.  10  ;  Jan.  5,  20  ; 
Feb.  0,  10,  lfi ;  Apr.  7,  14,  19,  20  ;  May  4,  5,  9.  The  ob- 
servations of  Sept.  6  ;  Xov.  5,  6  ;  Jan.  3,  29  were  made 
by  transits.  Stars  12,  21,  27,  36,  57,  59,  64,  72  and  84 
were  connected  by  direct  micrometer-measurements  ;  50, 
ML  Hamilton,  Cal.,  1899  May  9.  


52,  62,  71.  7o  and  82  by  transits  by  eye-and-ear  method; 
the  other  connections  were  made  chronographically.  For 
stars  ~)~>  and  56,  I  obtain  a  difference  of  right-ascension 
equal  to  2m  45*.14;  the  DM.  difference  is  2™  13'.8  U 
the  last  observation  I  estimated  the  magnitude  of  the  planet 
at  i:;',. 


COMET  cL  1899  =  1892  III. 


A  dispatch  from  Prof.  Keeler  to  the  Harvard  College 
Observatory  states  that  Holmes's  Comet,  1892  III,  was 
found  by  Perrine  in  the  position, 

Gr.  M.T.  a  8 

1899  June  10.9644  lh  15m  31-.6  +17°  29'  39" 

It  is  noted  as  faint. 

By  Zweirs's  ephemeris.  A.N.  3553, the  above  place  gives 
as  the  time  of  perihelion  passage  1899  April  28.083,  approxi- 
mately.    This  gives  the  following 

Ephemeris  for  Greenwich  Mean  Xoox. 
1899  a  8  Br. 

ll         111        s  o         / 

1.00 


June  11.0 

l  ir,  36 

+  17  30 

13.0 

1  18  56 

+  18     7 

1S99 

a 

8 

Br. 

June  15.0 

1 

Q'» 

15 

+  18  43 

1.02 

17.0 

25 

33 

19  19 

19.0 

28 

50 

19  55 

1.04 

21.0 

32 

6 

20  31 

23.0 

35 

21 

21      7 

1.06 

25.0 

38 

34 

21    12 

27.0 

41 

47 

22  18 

1.08 

29.0 

44 

58 

22  53 

July     1.0 

48 

7 

23  28 

1.11 

3.0 

51 

16 

24     3 

5.0 

54 

22 

24  38 

1.13 

7.0 

1 

57 

26 

25  13 

9.0 

o 

0 

26 

25    is 

1.16 

11.0 

o 

3 

24 

+  26  22 

CONTEXTS. 
Notes  on  Variable  Stars,  —  No.  28,  by  Henry  M.  Parkhurst. 
Discovery  of  Two  New  Southern  Variable  Stars,  by  K.  T.  A.  In: 
Ephemeris  of  Comet  1898  VLI,  by  C.  J.  Merfield. 
The  Double  Head  of  Comet  </  1899  (Swift),  by  E.  E.   Barnard. 
Measures  of   \  Second  Nucleus  in  Comet  a  1899  (Swift),  by  C.  D.  P 
Observations  of  Eros,   by  William  J.  Hussey. 
Comet  d  1899  =  1892  III. 
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SECULAR   PERTURBATIONS   OF    VENUS   BY    ACTION    OF    URANl  S, 

Bl    ERIC  DOC-LITTLE. 


The  elements  employed  in  the  following  computation 
are  from  Dr.  G.  W.  Hill's  "New  Theory  of  Jupiter  and 
Saturn,"  pages  192,  554  and  109  : 


Venus. 


Uranus. 


Q  = 


129  27  42.s:; 

7T       = 

168  15     6.7 

3  23  35.01 

V  = 

0   16  20.54 

75  19  53.08 

a'  = 

7:;  ll    8.0 

0.00684311 

0.0469236 

2106641".357 

//'  = 

L5425".752 

9.8593378 

lo 

g«'  = 

1.2831044 

i 

«/'  = 

jy.l  mi 

log  a 


Epoch  1850.0  Gr.M.T. 

The  value  of  ///'  is  that  suggested  recently  by  Dr.  Hill 
(Astronomical  Journal,  No.  316 ). 

The  work  was  carried  twice  through  from  the  beginning, 
and  such  test  equations  as  were  known  were  applied.*  \;\ 
inspection  of  the  final  sums  renders  it  evident  thai  the 
computation  is  here  extended  to  an  unnecessary  accuracy, 


since  the  results  obtained  from  bul  six  points  of  division 
are  practically  identical  with  those  from  twelve.  But  if  it 
is  desired  to  test  the  work  as  the  computation  proceeds,  by 
comparing  the  sums  of  the  functions  corresponding  I 

odd  and  even  points  of  division  respectively,  it  becomes 
necessary  to  employ  at  least  eight  points  of  division,  and 
in  this  case  the  results  may  be  regarded  as  furnishii  - 
determinations  of  the  perturbations,  one  from  the  even,  and 
one  from  the  odd  points  of  division.  It  may  be  remarked 
that  the  final  values  of  the  differential  coefficients  are  here 
written  to  so  many  significant  figures,  to  indicate  with 
what  accuracy  the  numerical  work  has  been  performed. 

The  values  of  the  preliminary  constants  and  of  the  prin- 
cipal auxiliaries  are  as  follows  : 


/  =       2  37   16.883 

log/.-  =  9.9995460 

//  =  233  30   16.37 

log*'  =  9.9999992 

//'  =  272  18   L3.25 

logr    =  9  908991  1 

K  =  321    12  24.44 

r    =  0.810945  0 

K'  =  321    12   U.79 

E 

log  r 

1! 

A 

e 

tog  B 

9 

A 

0° 

9.8563557 

0° 

II        II. (Ml 

369.8294733 

2  1- 

53     5.66 

1.4670856 

60.35594 

367.  i 

30 

'.I.N.-.C.75C.I 

30 

11   47.87 

370.102  1029 

356 

ll  loco:. 

L.4910939 

S85 

367.496  155 

GO 

9.8578493 

60 

20  24. .-.o 

370.0319613 

9 

33   10.95 

1.4851641 

20.89679 

367.4961  1" 

90 

9.8593378 

90 

23  31.50 

369.6376057 

.... 

45  .".I  1 

1,1  is  1580 

95.77536 

367. 196  165 

120 

9.8608213 

L20 

20  20.31 

369.0247981 

35 

27    12.22 

1.3752483 

L53.60480 

367.496245 

150 

9.8619040 

150 

11    13.65 

368.3577351 

16 

is  25.02 

1.2507254 

136  75991 

367.496230 

180 

9.8622996 

ISO 

0    o.oo 

367.8151  165 

53 

IS    10.22 

1.0349310 

62.03086 

367.4 

210 

9.8619040 

209 

48  16.35 

367.542  11  12 

31 

51   52.13 

0.6155264 

3.847  l" 

367.4%  245 

240 

9..SCOS213 

239 

39  39.69 

367.612621  1 

310 

is  29.84 

ii  8162133 

19.929  16 

367.496135 

270 

9.8593378 

269 

36  28.50 

368.0069649 

308 

1'  1     1  1   S  1 

L1372326 

93.69      • 

367.496165 

300 

9.8578493 

299 

39  35.50 

368.6197847 

317 

52   12.41 

1.308  1068 

150.96247 

367.496240 

330 

9.K.-.fi75<M 

329 

48  12.13 

369.2868724 

329 

55   19.79 

1.4096084 

134.26735 

367.496240 

■Si 

9.1559965 

900 

mi  00.00 

2212.9337853 

070 

23  27.30 

7.4870491 

2S 

9.1559964 

1080 

00  00.00 

2212.9337852 

L096 

57  3S.5S 

7.3526447 

167  78025 

2204.977200 

*  In  the  duplication,  the  following  slight  error  was  found  In  Zb<  h's  "  Tafeln  -l     Additions  und  Bubtractiona-LogarU 
edition,  page  782;    0.9786092  Bhould  be  0.9781  B 
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V    165 


E 

I 

G 

'.• 

Q 

e             log* 

log  J' 

log  | 

0° 

30 

60 

90 

L20 

1 51 1 

180 

210 

240 

270 

300 

330 

+  L.522310 

+1.795095 

+1.724880 

+1.330  195 

+0.717605 

1  0.050560 

—0.492075 

0.764775 

0.694  155 

0.3001  15 

+0.312600 

+  0.979  685 

367.495771 
367.496  L29 
367.495985 
367.495  153 
367.495105 
367.495217 
367.495816 
367.496217 
367.495988 
367.495472 
367.495121 
367.495243 

L.6238940 
1.8003166 
1.7573874 
L.504  1398 
1.0990547 
0.6363646 
0.2329563 
0.013  1531 
0.0708724 
0.3769271 
0.8167025 
L.2686692 

0.101  137(1 
0.0051977 
0.0323564 
0.1732316 
0.3803068 
0.5847917 
0.7245710 
0.7782012 
0.7651843 
0.6763791 
0.5029833 
0.2879853 

3  55    10.93 
1     1     9.46 

1  0     5.50 
3  52  23.80 
3  38     8.91 
3   18     7.21 

2  55  22.89 
2  39  20.72 

2  13  51.72 

3  3  57.85 
3  25  59. 1 1 
3  43   18.64 

0.001  53256  0.27504417 
0.001  0(i|c.9  0.275  I  1027 
0.00159052    0.27512139 

1  i; 9    0.27498757 

0.001  31281  0.274  75131 
0.001  08264  0.274  1  1 153 
0.00084825    0.274  L321  1 

o. 1701113    0.27393587 

0.000  7  10  12  0.27398839 
0.00093336  0.27  1  24555 
0.001  1  .""1  1  0.27456155 
o.oo]  2X191     0.27484340 

0.17838936 
0.178  197  10 
0.178  17022 
0.17832569 

0. 178  07,993 
(1.17771  IS7, 
0.17736340 
0.177  1  1264 
o.177  2(H7.". 
0.177  I9l(i2 
ii  L7784648 
0.17816353 

V 

1  3.090  865 
+  3.090915 

2204.973  786 
2204.973731 

5.6008673 

5.6001704 

2.5065388 

2.5057866 

20  39     9.36 

20  38  53.68 

0.007  19.VKI  1.647  59892 
0.00719372    1.647  59719 

1.007  33712 
1.067  33519 

E 

\ogN 

log  /' 

logQ 

log  V 

J\                          J., 

Jz                        F-z 

0° 
30 

00 
90 

120 
17,1) 
180 
210 
240 
270 
3oo 
330 

5.7255240 

7,. 7 20  7,009 
5.7286906 
5.73,1  3185 
5.7337420 

7,.737, 3 17,1 
7,. 73,7,  02.",  1 
7,.73I7,S97, 
.-,.732  4870 
5.729  8710 
7,.727  1385 
7,.727,8440 

0.869  8244 
0.871  189  1 
0.873  23,03 
0  875  3928 

0.877  0917 
0.877  877,2 
(1.877  7,397 
( 1.870  1824 
0. 874 1636 
0.872  0154 
0.870  3090 
0.869  5041 

3.338541  l 

.",.33.9  807,0 

3.341877,9 
3..".  II  1876 
3.3461011 

3.3  17  0878 

.",.3  10  8788 
3.3  17,7,0,07 
3.3435327 
3.3413115 
3.3394394 
3.3384162 

3.3383922 

3.3397979 

3.3418282 

.",.3  13  9.",  IS 
.",.3  17,7,398 
.",.3  10  22  18 

3.3458097 

3.3,1  1   1123, 

3.342  1036 
3.3403134 

3.3380972 

3.337  9911 

307.099  1207,2 
366.74089875 
366.88453613 
307.101  60988 
367.86665960 
367.95568703 
367.72285452 
307.51508313 
367.61069788 

307.8910981  1 

367.987  29038 
367.66272932 

-0.77238411 

-0.180.10000 
f   0.522  10333 

+  0.87586900 
+0.72768333 
\  0.32642368 
+  0.042  97,7,0  1 
+  0.01342241 
+  0.04551264 
-0.13535069 

.    0.7,197,1780, 

-0.88324571 

13.3772H0    +148.77538 
-16.560521    +  37,.7, 12  32 

17,.L'7.",727,     -    87.7,  KISS 

-  9.861620    -187.412  27, 

-  1.774376    -237.3  11  12 
+   0.821(111     -223.94969 
+13.621489    -150.82559 
+  16.804800    -  37.56251 
+  15.7,18012    +  85.49071 
+  1(1.1(17,9117,     +  1S7,. 302  (19 
+    2.01800O     +237,. 291  11 

-  6.576756    +221.89949 

4.383  5055 
4.383  5056 

5.242  1587 
5.2421592 

0.0563693    0,0526707     *2202.664 92021      +0.01671297 

0.0563694  '<  0.0526713  !  *2202.60491965  !  +0.01671263 

+  0.732  S54    -     6.15066 

■     0.732  S7.7,              0.17,07,7, 

*  The  term  in   G"  has  been  removed  in  forming  the  sums. 


E 

F3 

lOOO.r  B0 

lOOOOOOx  S0 

lOOOx  W0 

1000a  -  sin  I-;-;."- 
a 

lOOOOOOx-  £<"' 
a 

0 

-  4.0226412 

0.02650922 

-0.05811000 

-0.002  918  780 

+  0.000  00000 

-0.080  89097 

30 

-  0.177  0896 

0.026  522S1 

-0.0130523,1 

-0.003  621493 

+  0.018  44306 

-0.01815231 

60 

-   1.0152186 

0.026  67654 

+  0.04940526 

-0.003  356  828 

+  0.032  04873 

+  0.068  53681 

90 

-  6.9332675 

0.02691093 

+  0.07,2  097,1  1 

-0.002182  313 

+  0.037  20412 

+  0.072  85096 

120 

-10.840  7275 

0.027  10189 

—  0.01759673 

-0.000  401343 

+  0.032.33707 

-0.02424436 

150 

-   9.443,  17,07, 

0.027  15609 

-0.09660941 

+  0.001506  695 

+  0.018  66093 

-0.132  77471 

180 

-   4.1342719 

0.027  07758 

-0.104  24233 

+  0.003017  072 

0.000  00000 

-0.14313458 

210 

-  0.2013093 

0.026  94790 

-0.02527822 

+  0.003  713  8S2 

-0.018  51780, 

-0.034  74102 

240 

-    1.547,7,370 

0.02684358 

+  0.073  99797 

+  0.003  412  656 

-0.032  04946 

+  0.10195266 

270 

-   6.788  3,7,03 

0.02677475 

+  0.108  41711 

+  0.0O2  2O7  472 

-0.037  01585 

+  0.149  88562 

300 

-10.659  4103 

0.02669990 

+  0.054  6S656 

+  0.000432  OH 

-0.032  07678 

+  0.07586323 

330 

-  9.2743255 

0.026  59629 

-0.028  03268 

-0.001439065 

-0.01849416 

-0.03898596 

y 

-32.8178065 

0.16090871 

-0.001  85993 

+  0.000185181 

+  0.00028016 

-0.00191721 

V 

-32.8178047 

0.160  90S77 

-0.001  86010 

+  0.000185178 

+0.000  28024 

-0.00191742 
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1000.r£i?„sint> 

1000  x  J  —  Ji„coav+ 

E 

+(cos  D+cos  E  |  S  j 

(^eec-V+l)  ■ 

IOOOj-  IF,,  sin  u 

lOOOx  W^cosu 

1000/ 

0 

-<).( 11622 

-0.02650922 

—0.002365  243 

-o.ool  710234 

0.05265561 

30 

+  0.01331757 

-0.02293687 

—0.003603757 

0.000357980 

0.05273125 

60 

+0.02323048 

-0.01311517 

-0.003055297 

4  ii. '"U  390  188 

0.05317053 

90 

+0.02690995 

+  0.00028955 

—  O.ool  266575 

+0.001777  154 

120 

+  0.oi':;  1:0803 

+  0.0136591  1 

-O.l 38  680 

+  0. 399475 

0.05438924 

1  51 1 

+0.01366523 

+0.023  16772 

-0.000  620648 

-O.ool  372927 

0.05463405 

180 

+0.00020848 

+  0.02707758 

-  0.002  1  L4894 

-0.001  767867 

0.05452574 

210 

-0.01335043 

+0.02340859 

—0.003693094 

-0.000392395 

0.05421519 

240 

-0.02324178 

+0.0134311  1 

—0.003  122646 

+0.001  376698 

0.053  • 

270 

-0.02677488 

-o.o 3361 

—0.001  305659 

+0.00177  l 

0.05354950 

300 

-0.02314722 

-0.01330732 

077l< 

+0.000429867 

0.05321706 

330 

-0.013  42562 

-0.02295918 

-0.000  583  802 

001315326 

0.05287735 

V 

+0.000  34177 

+0.00123615 

-0.011073  532 

+  0.000118427 

0.321  - 

y 

+  0.00034182 

+0.00123620 

-0.011073535 

+0.000118  165 

0.32182921 

The  equation     sin  g  .  iAt'"  +  cos  q  .  /.',;cl  =  0     is  found      [~ de 
to  give  the  residual   +0.000  000  000000  020. 

The  values  of  the  differential  coefficients  are  as  follows: 


+     0.12 (343  m>       p9.079  1936 

pl.8022547 


n^-1  =  +  63.424159    m) 

[-'''  1  =  +  0.041  58807m' 
L  *  Joo 

— 1   =  -  65.093  001     m' 


L  *  1 


+    63.308  999     m' 
1825    m> 


p8.6189687 

n\. SI  75197 
pl.801  1655 
&2.0535003 


By  substituting  the  above  value  for  m   there  finally  re- 
sults : 


(05263308 

0.002781  7010 
000001  824038 


["^pl  =-o!o028812762 


.;:,.:, 


ta— 


7767109 
049609570 


The  comparison  with  the  results  ol  LeVebrieb  and  New- 
comb  is  as  follows  : 

Results  of  ills  of  od  of 

LeVeBKIJ  i;  \  i  \m  i. Mi: 


i.OO +0.00001       +0. 053 

+  0. 2      +o. 2  +0.0000190 

.000002       0.00 +0.0000018 

-o.ooo  165         ii. 17       -0. 17".-, 

0 
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DYNAMICS   OF    A     NKKl'I.A. 

Bi    Db.  E.  .1.   W "I  l.(  ZYNSKI. 
In  a  former  paper  I  havi  general  outline  of  a 


tin',  ivy  of  the  nebulas,  special  attention  being  given  ti 
of  a  special  structure.     (*)]  believe  thai   th< 
sufficient  interest  to  warrant  a  second  and  more  explicit 
account,  especially  as  it    appears  very  desirable  to    have 
of  the  photographs  novi  al   the  disposal  of  astrono- 
mers, discussed  from  this  standpoint. 

It  is  quite  unessential  whether  we  regard  a  nebula  as  an 
assemblage  of  meteors,  or  a  mass  obeying  the 

laws  of  hydrodynamics.     The  results,  as  discussed  below, 

P)  Astrophysical  Journal,  August,  1896, 


will  remain  qualitatively  unaltered  if   one  hypothi  - 

I  ited  for  the  other,  and  in  a  great  many  of  them  there 
will   be  even  no  quantitative  chai  oience 

ami  clearnes  ;  appears  best  to  consider  tl  i 

ula  as  a  swarm  of  mete, 

Suppose  that   in   some  way.  which  we  do  not    pro] 
aat   every   parti*  '■ 

:    less    approximately    a    circular    Orbit    around    the 

center  of  gravity.  There  maj  or  uia\  not  be  a  conden- 
sation at  the  center,  and  there  may  or  may  not  be  secondary 
condensations  at  different  points  of  the  mas  N  such  a 
condensation  is  by  no  means   necessarily  stable. 
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take  a  simple  ease,  we  consider  a  spherical  swarm  of 
meteors  the  i  [ual  to  m,  and  their  mean 

distance  being  I'd  ;  it'.  moreover.  .1/  is  tin-  mass  oi  a  central 
DOdyi  and  B  is  the  distance  of  the  swarm's  center  of  gravity 
from  the  central  bodj .  th 

■J  M         m 
W   >  -/:1 

the  swarm  will  be  dissolved.  (*)The  mutual  attraction  oi 
the  particles  is  not  great  enough  to  withstand  the  dissolv- 
ing influence  of  the  central  force.  A  more  exact  limit  is 
given  by 

:\M       in 
/,':1  >  J3 


3  1/ 


which  is  due  to  M.  Charlier  and  M.  Picard.(*) 

If  the  condition  of  stability  is  fulfilled,  i.e.  if 

it  is  reasonable  to  suppose  that  the  future  of  the  system  is 
essentially  such  as  is  usually  given  by  writers  on  cosmogony. 
The  secondary  body  will  gradually  contract,  and  finally 
become  a  star,  single  or  double  according  to  circumstances. 

If,  however,     -4-  >  -,3    the  spherical  swarm  is  unstable, 

and  it  is  well  worth  while  to  investigate  what  will  then 
happen.  Of  course,  very  likely,  such  an  unstable  spherical 
cluster  of  meteors  could  never  have  been  formed,  for  the 
forces  which  tend  towards  its  destruction  would  prevent 
its  formation  in  the  first  place.  Nevertheless  we  will  be 
justified  in  studying  the  problem,  for  the  facts  thus  brought 
out  will  be  qualitatively  so  general  as  to  admit  of  the 
widest  application.  Moreover,  in  every  problem  of  me- 
chanics certain  initial  conditions  must  be  postulated,  and 
especially  is  this  true  in  cosmogony. 

As  the  central  attraction,  or  rather  its  differential  effect, 
is  the  influence  which  causes  the  dissolution  of  the  globular 
mass,  we  will  now  regard  it  as  the  only  force  working  upon 
it.  We  will  therefore  neglect  the  mutual  attraction  of  the 
particles  itself.  This  is  of  course  a  rough  method,  but  is 
justified  in  so  far  as  the  dissolution  can  only  take  place 
when  the  mass  is  small,  and  moreover  as  the  mass  is  be- 
coming more  and  more  disintegrated  the  mutual  attraction 
of  the  particles  becomes  smaller  and  smaller. 

Let  0  be  the  center  of  attraction,  and  A  and  B  two 
small  masses  of  the  cluster.  In  the  beginning,  for  t  —  o, 
let  us  suppose  that  0,  A  and  B  lie  upon  a  straight  line. 
Let  OA  <  OB.  Then  according  to  Kepler's  third  law,  if 
<di;  u>.,,  1\,  T„,  be  respectively  the  angular  velocities  and 
]  sriodic  times  of  A  and  B,  so  that 

(!)  Schiapakelli.     Entwurf  drier  astronomischen   Theorie   der 
St,  rnschnuppen.     Translation  by  Boguslawski. 
(-)cf.  Tisseraxd.     Micanique  Celeste,  T.  IV. 


■r 


we  have 


'A 

I 


a  and  b  being  equal  to  the  distances  OA  and  OB  respec- 
tively.    Therefore 

O),    _    jfj,   _ 

W„  'J\  \<l) 

Let  w,  and  T  be  the  same  quantities  for  a  point  Pinter- 
mediate   between    .  I    and    /.',   say    at    a   (list am (e   r   from    0. 

Then 

«5 


For  t  =  a,  0,  A  and  P  were  upon  a  straight  line.  Let 
<r  be  the  angle  which  the  radius-vector  of  1J  makes  with 
this  line  at  the  time  t.     Then 


At  a  given  moment  t  =  const.,  this  represents  a  spiral, 
i.e.,  the  straight  line  AB  has  changed  into  a  spiral,  which 
goes  on  changing  all  the  time.  This  is  quite  clear  directly. 
For  the  point  A  completes  its  orbital  motion  in  less  time 
than  B,  so  that  when  B  has  made  a  complete  revolution  A 
will  have  made  more  than  the  revolution,  and  will  have- 
advanced  to  A'.  Thus,  after  one  revolution  of  B,  the 
straight  line  AB  is  changed  into  the  curve  A'B,  after  two 
revolutions  into  A'B,  etc.,  the  spiral  form  being  evident. 


This  is  our  explanation  of  spiral  nebulas.  They  are  not 
then  to  be  regarded  as  their  appearance  would  seem  to 
suggest  as  a  sort  of  whirlpool.  The  motion  of  the  particles 
composing  them  is  not  upon  the  spiral  curves  seen  in  the 
telescope,  but  in  accordance  with  the  law  of  gravity  in 
curves  mure  or  less  approaching  conic  sections,  if  the  dis- 
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turbing  forces  are  not  too  great.  Of  course  the  formulas 
we  have  quoted  are  only  very  coarse  approximations,  but 
it  is  essential  to  note  that  qualitatively  the  result  will 
always  hold,  excepting  only  the  case  that  all  particles  in 
the  meteoric  swarm  rotate  with  the  same  angular  velocity. 
This  is  obvioush'  an  exceptional  case,  ami  moreover  one  in 
which  there  would  be  no  dissolution.  The  swarm  would 
rotate  as  the  moon  about  the  earth.  The  great  adva 
which  we  claim  for  our  theory  is  that  it  shows  how  spiral 
nebulas  may  be  formed,  without  invoking  anything  more 
complicated  or  mysterious  than  the  law  of  gravitation. 

As  the  nebula  grows  older,  the  coils  of  the  spiral  will 
multiply  in  number.  Thus  a  spiral  nebula  must  be  con- 
sidered old  or  young,  according  to  the  number  of  its  coils. 
Let  the  points  A  and  B  in  our  example  be  the  points  nearest 
and  most  distant  from  the  center  of  such  a  spiral,  and  let 
<ia  and  <r6  denote  the  values  of  <r  for  r  =  a  and  /•  =  h, 
respectively,  at  the  time  t.  Suppose  that  <Ta  =  rr,,  +  »2jt 
where  11  is  any  positive  quantity.     Then 


<iy  t  =  a)2  t  +  lllir   =    (*!  —  <+  >i2t 


whence 


Now  //  denotes  the  number  of  coils  and  fractions  of  a 
coil,  and  may  be  found  from  a  photograph  of  the  nebula. 

Y  can  also  be  found  more  or  less  accurately.     If  <d,  were 

known  we  could  therefore  compute  the  time  which  has 
elapsed  since  the  beginning  of  the  disintegration, 
theoretically  <dj  can  be  determined  by  comparing  observa- 
tions made  at  two  different  times.  It  is  perhaps  not  im- 
possible that  in  some  nebulas  such  motion  may  become 
perceptible  in  fifty  years  or  a  century.  If  this  !>•  so,  our 
\da  enables  us  to  find  approximately  the  length  of  the 
spiral  stage  of  development  for  thosr  nebulas. 

It  is  easy  to  see  from  our  point  of  view  that  the  spiral 
University  ■•  <   il  a,  Berkeley,  Cal,  is'.''.'  Feb.  :.'">. 


nebula  is  only  a  form  of  transition 

older,  the  coils  of  the  spiral  multiply,  and  ap] 

other.      Finally,  they  will   mi 

breadth,  and  either  a  planetary  or  a  ring  nebula  will  i 

ebula  will  he  planetary  if  the  original  mass,  which 
i  to  be  included  1  h 
and  b,  extended  all  the  way  t  -enter  of  gravitv. 

It  will  be  annular  if  the  radi  :mer  circle 

zero.     At  thi  gravity  there  ma; 

condensation.     May  it  also  be 

•      'lined  in  this  way.      It   does  not  a]  Me,  if 

our  theory  is  correct,  that  any  of  the  matter  in  such  a 
planetary  or  annular  nebula  could  ever  be  formed  into  a 
satellite  revolving  about  the  center  of  gravity  of  the  -■ 
be  this  occupied  by  a  central  star  or  not.  For  any  such 
body  would  appear  to  he  unstable.  The  only  change  which 
an  annular  or  planetary  nebula  probably  undergoes  would 
seem  to  be  its  gradual  contraction,  and  associated  with  that. 
perhaps,  some  of  the  fundamental  features  of  I.  mi  \.  i  ~ 
hypothesis. 

If  the  nebula  be  regarded  as  composed  of  fluid  (gaseous, 
for  instance  i.  the  following  relation  is  fundamental  for  a 
planetary  or  ring  nebula  whose  particles  describe  circular 
orbits  : 

fdV       ldP  _  ,, 

J   dr        p   dr 

where   J' is   the   potential,/!   the  density.  j>  the   pressure,  <u 
igular  velocity  of  a  point  at  the  distance  r  from  the 
axis  of  rotation,  and/ denotes  a  constant  depending   upon 
the  units.     In  particular,  if  the  fluid  he  a  gas  of  thi 
temperature  and  composition  throughout,  j>  =  --p.  wl 
is  known  if  I  t   the  gas  i  . 

the  spi  If  p  were  known,  we  would   ' 

w  as  function  of  r.     The  law  according  to  which  p 
from  point  to  point,  even  if  not  the  absolute  values  of  p  in 
known    unit <.    may    perhaps    be    found    from    photol 
measures  of  different   parts   of  the  nebula,  or  from 
graphs,   if  certain   assumptions    are    n  ade.     Thus    m    as 
function  of  '•.  or  the  law  of  rotation,  would  be  obtained. 


MAXIMA    AND   MINIMA    OF    LONG-PERIOD    VARIABLES, 

l.\   J.  A.  PARKHURST. 

103.     T  Androi 

\  series  ol    11  obsi  i  \  al  ioi  -  i  and 

!sl^   Mai     1  ;   ji    68  a  maximum  at  7*.6  ab 
December ;   the  followii 
L898   Lug.  •-".»  and  L899  Feb.  28 
mum  I  tot.  1*  :  1"  <i.i\  3,  al   s~  2.      I: 
of  comparisons   near   maximum   makes   il 


The  following  observations,  with  the  exceptions  noted. 
were  made  with  the  6.2-inch  Brashear  reflector.  Those  of 
5798  B  UHerculis  and  Mrs.  Fleming's  variable  in  Cos 

were   made   in    part  with   the  lL'-inch  l'.rashear  refracl 

the  Yerkes  Observatory,  bul  in  both  cases  the  uncertainty 

arising  from  other  causes  exceeds  that    introduced  by  the 
change  of  instruments. 


TO 


T  II  E     A  ST  RON  <»  \I  If  A  I.     .)  i  >  I    B  N  A  L, 


N°  166 


Lte  more  exactly.     At   the  last  observation  the  star 
was  12".3. 

678.      UPersei. 

A  single  observation  L898  Aug.  30  found  the  star  neai 
maximum;  a  series  of  L5  between  Nov.  2  and  1899  May  Hi 
gave  a  trained  minimum  at    12".0,   Feb.  18.    At 

the  lii  comparison  the  magnitude  was  8.0. 

2376.     S  Lyncis. 
Following  the  maximum   reported  in   A.J.  158  th 
was  below   12  '.2  and  indistinguishable  from  its  rinse   12*.5 
companion    from    1899  Jan.  II    to   Apr.  4.     It    thru   rose 
'   to  L0*.8  by  M;i\  29       \  comparison  with  the  1898 
a  minimum  about  1 3"  earlj  in  March.     The 
intervals  between  the  ascending  branches  of  the  two  curves 
■•■  'J'.Vi  ilavs,  in  dose  agreemenl  with  the  approximate 
period  293  'lays,  suggested  in  A.J.  158. 

2404.     X  Geminorum. 
I  have  18  observations  between  1898  Nov.  1  I  and   1899 

May  '.".•.  The  star  ruse  steadily  from  II5'. 5  to  a  well 
marked  maximum,  Su.0,  1899  Apr.  9;  then  fell  nearly  as 
rapidly  to  9".6  at  the  last  comparison.  At  maximum  it 
wasOM  fainter  than  DM.  +  30°1332  and  equal  to  +29°1342, 
whose  magnitudes  ai-eording  to  the  Harvard  Meridian 
Photometer  Catalogue  are  8M.01  and  SM.16  respectively. 

2815.      U  Geminorum. 

In  the  following  observations  the  magnitudes  are  ex- 
pressed in  Baxendell's  scale;  the  times  are  Greenwich. 

1899  May  1.63  l.TS 

6.58  9.9 

8.62  10.7 

The  maximum  evidently  occurred  not  far  from  May  5. 

5601.     S  Ursae  minor  is. 

Since  the  maximum  reported  in  A.J.  458  I  have  17  ob- 
servations ending  1S99  May  29.  The  star  fell  steadily  to 
a  minimum  at  IT". 6,  1899  Alar.  10,  and  rose  to  8M.9  at  the 
last  comparison.  My  four  observed  maxima  since  1896 
Jan.  24  give  a  period  of  318  days,  the  four  minima  give 
.'!'_".>  days.  The  difference  seems  to  be  partly  due  to  the 
flatness  of  the  curve  both  at  maximum  and  minimum, 
rendering  the  exact  dates  somewhat  uncertain. 

5798.     RUHerculis. 

This  star  has  been  followed  continuously  since  the  maxi- 
mum, 1898  Mar.  13,  reported  in  A.J.  441.  It  faded  slowly. 
reaching  the  limit  of  the  6.2-inch  1898  Oct.  5.  It  remained 
below  the  limit  till  1899  Jan.  10,  then  rose  more  rapidly  to 
9".0  May  29.  The  curve  suggests  a  minimum  at  about 
13".5  not  far  from  1898  Nov.  9,  with  an  uncertainty  of  15 
or  20  days.  The  intervals  between  the  ascending  branches 
of  the  last  two  curves  average  445  days.     I  have  32  obser- 


vations between  the  above  dates;   6,  in  June  Aug..  1898, 
being  made  with  the  12-inch  Zerkes  refract 

6100.     RV  Herculis. 

After  the  maximum  reported  in  A.J.  466  this  star  was 

een  at    L2".2,  low  in  the  west  1898  Nov.  19.     It  was 

ifter  the  minimum  at   10*.9,  1899  Feb.  15.      \ 

comparison  with  the  1 898  curve  suggests  a  minimum  within 

l ■  15  days  of  1899  Jan.  1 .     The  12  succeeding  ob 

tions  fix  the  maximum  at    1899  Apr.  6,  at  8  '.9;  Maj  29  it 
had  fallen  to  11».2. 

6549.      WLyrae. 
I  have  17  observations  between  the  maximum  reported 

m   A.J.  158  and  1899  May  29.      The  star  passed  a  minimum 

at    L2».0,   L899  Feb.  12.  which  date  may  be  in  error  by  a 

week  :   and  had  risen  to  7". 5  at  the  last  comparison. 

7os;,.     BTCygni. 
Since  the  minimum  noted  in  A.J.  158  I  have  10  ob 
tions  ending   1 S99    May  28.     The    maximum   was    passed 
1899  Feb.  1  I  (possibly  10  days  earlier)  at  (J*. 7,  and  at  the 
last  comparison  the  magnitude  was  11. o. 

Anderson's    Variable  in  Aquila. 

The  discovery  was  announced  in  A.N.  3520,  and  a  I'M. 
observation,  1855  Sept.  7,  9*.5,  was  given  in  No.  3521.  I 
have  25  observations  between  1898  Oct.  8  and  1899  May  29. 
When  first  seen  it  was  11". 6  and  fell  slowly  to  12". 6  when 
last  seen  in  the  evening,  Dec.  17.  It  was  first  seen  in  the 
morning  1S99  Feb.  15  at  11". 2  rising.  It  passed  a  well 
defined  maximum  1899  Apr.  II.  at  7". 9,  and  had  fallen  to 
9". 9  at  the  last  date  mentioned.  An  inspection  of  the  curve 
suggests  a  minimum  about  Jan.  1,  not  far  from  13".  The 
position  of  the  variable  was  determined  from  DM.  +  12  1255 
to  be 

R.A.  2'i  5m56  Decl.  +12  33.8   (1855) 

8     3  41.7   (1900) 

There  is  a   12\7  star  0'.6  north,  and  a  12". 2,  0S.5  foil..  2'.0 
north. 

Anderson's    Variable  in  Pegasus. 

R.A.  21  14     8?  Decl.  +30  50.3   (1855) 

16  15  14     1.6   (1900) 

After  the  minimum  reported  in  A.J.  457  this  star  rose 
steadily  to  a  maximum,  about  8".7,  not  far  from  1899  Feb. 
25.  I  have  no  observations  between  Jan.  28  and  March  19, 
while  it  was  hidden  in  the  sun's  rays,  so  that  the  maximum 
cannot  be  accurately  determined.  However,  both  branches 
of  the  light  curve  outside  these  limits  are  well  covered  by 
1  I  observations,  so  that  the  uncertainty  in  time  will  not 
exceed  lo  days.  On  May  10  the  star  had  fallen  to  11M.8. 
Compared  with  Rev.  Mr.  Anderson's  observations  in  A.N. 
3521,  the  period  seems  to  be  about  204  days. 


N°-  4G5 


T  1 1  i:     A  S T R 0  X  0  M  I  C  A L     J  OUB  X  A  L  . 


7792.     SSCygni. 

Since  the  report,  in  A.J.  158  I  have  observed  lin- 
ing, in  which  T  represents  the  time  of   |  ,.;5   on 
the  rise. 

Epoch  T  M;ix. 

6,  short         1899  Mar.  7.6  M 

6,  long  May  1.8  Ma]  •'• 

Tin-  corrections  to  the  elements  given  in  ./.•/.  l.",s  are  —3.3 

and  —  ."i.7  days,  respectively. 

Mrs.  Fleming's   V<n-i<tiJ<    ;„   Cassiopea. 
It.  A.  23'  55m  :.:;  .        Dec.  +54    52'.3,  (1855) 
The  discovery  of  this  variable  was  announced  in  Barvard 
College  Observatory  Circular  No.  LI  (Astroph.  -Inn,-.   Vli, 
Marengo,  III.,  1899  -lime  22. 


'jov 

1  899  June  7.    When  first  seen  it  wat 
1 898,  il  seemed  a  little  bright 

i  of  a  rise.     After  Marcb  it  faded  Blowl] 
ed  below  ills,  ti,.'  '.. 
flector.     [f 

12". 8.      It  then   rose  steadily  to  a  maximum, 
fi      to   1 "  .5  at  the  last  at 
minimum,  al 
I  sos  ( let.  26.     A 
of  the   two  Cut 

at  ion  tn  the  period.     1  -  June- 

A.ug.  were  made  with  the  12-inch  \ 


MICROMETRICAL   OBSERVATIONS   OF   THE    SATELLITE   OF    .Y/7'77  A  A. 

I!v  WILLIAM  .1.   HUSSET. 


The  following  measures  of  the  position-angle  and  distance 
of  the  satellite  of  Neptune  were  obtained  with  the  36-inch 
refractor  of  the  Lick  Observatory,  using  an  eye-piece  mag- 
nifying 520  diameters.  In  making  an  observation  the 
following  order  was  pursued.  Six  settings  were  made  for 
determining  the  position-angle.  Tin-  mil  -rometer  bos  was 
then  rotated  until  the  circle-reading  differed  '.to  from  the 
mean  of  the  settings  just  obtained.  The  distance-measures 
were  then  made,  and  in  some  cases  followed  by 

a  second  determination  of  the  position  ai 


1  (istances. 


lsiis  mi.  Hamilton  M.T.     l>i>t. 


(lit.    27  13  24  55 

28  13  IS  52 

Nov.  17  12  19  1G 

Dec.     7  7  55  38 

LS  15  38  18 

16  8  33  43 


16.69 

1L.77 
1G.19 
L5.32 

12.S.S 
17.12 


L898  9  Mt.  Hamilton  M.T. 
9      f    8 


Dec.  23 

.Ian.      5 
12 

L'-l 


1 

7  58  39 

s     .,  ;i 

s  24  25 


fi!,.   mil     ;;  55 
10  lo  23  43 


Dist. 

[3.28 
L3.01 

10. .SO 

L5.40 
16.93 
16.75 


l'osi  [  i,,\A 


1898  Mt.  Hamilton  M.T 

P.  A. 

1898-9  Mt.  Hamilton  M.T.   P.  \. 

Oct.    L'7  13  I'',  30 

79.2 

Dec.   lo, 

264.2 

28   13  1"  34 

:;:;.:; 

lo 

211.5 

28   L3  27  57 

31  7 

.Ian.     5 

7   7: 

1 1  1  .0, 

Nov.  17  11'  13  20 

242.3 

12 

7  5  7     5 

17   12   L'7   39 

242.8 

20 

s  io,  oo 

275  1 

On.      7      7  .".o    19 

92  1 

26 

8  17  46 

"7 1  " 

7     8     o  31 

92.6 

1  1     o  :;i 

73.0 

1..  15  27  :■■: 

L'07.0 

10, 

lo   17,  36 

17,    17,    is      2 

2H7.7 

The  in,! hod  of  double  dist 

of  October  27.  28,  Decembei   L5,  L6,  J   nuary  5  and 
12.     For  other  dates  the  method  "!  sii 
used.     Six  comparisons  were  made  for  each  determination 
<,f  dista 

,1/0  //  1899  H 


OBSERVATIONS   OF   COMET   L898   VIM. 

Hv   HENRI    0.    1A   W-. 


* 

\,,. 

-* 

n     -  annarent 

L899  Greenwich  M.T. 

i  .inn 

da 

/S 

a 

S 

for  a 

forS 

.Ian.  22 

21' 

7, 

22 

1 

12.  11 

+  0 

13.80 

+  2    15.2 

b      i 

11      10 

1.22 

32    li  oi  o 

9.450 

0.221 

Feb.    9 

15 

18 

59 

2 

-.1.  in 

+  1 

23.98 

-1    10.5 

11       0, 

7. Co 

35  50  .V-O 

0.340 

10 

17 

21 

21 

3 

8 

+  5 

38.01 

+  3   12.3 

11       7, 

lo  s] 

36     0   13.5 

14 

14 

i'.-. 

10 

1 

8  .  o 

+  0 

50.37 

+  o     (1.7 

il     :; 
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36  oo     3 

0  0,o| 

0.117. 

Mar.    5 

14 

12 

9 

5 

8 

_o 

2  33 

+  2  29.2 

in  7,;: 

56.26 

38   lo    15.5 

0.133 

12 

17 

5 

27 

G 

o  ,  s 

-HI 

7,;;. oi 

+  4      1.7 

lo  7,0 

L'7.  10 

38  Ll    lo.o 

Ki 

17 

12 

49 

G 

s 

-0 

10    II 

+3  56.0 

10   is 

11.00 

38  Li  38.5 

Apr.    1 

13 

17 

14 

7 

9,  lo 

+  1 

37.48 

-0  1  1.9 

lo    1  1 

28.36 

07     17,   00.0 

0   110 

1 

13 

17 

14 

S 
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7 
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13 

20 

38 

8 
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0.00, 
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lo     || 

21.06 

07     11     lso 

3 

13 

1 

13 

8 

0.   10 

1  o 

55.  1 1 

-5   20.1 

lo    || 

L5.53 

07  oo  52.2 

o  138 
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5 

1  1 

12 

o 

0 
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0 

59.23 

+2  43.8 

lo    II 

6.84 

07  27 

10 

IS 

33 

45 

10 
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+  1 

0.72 

-3  52.0 

lo    1  1 

15.33 

oo  22  20.7 
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10 

18 

33 

45 

11 

0.   lo 
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15.23 

+  0  111 

lo     |  | 

45.41 

31.2 

20 

15 
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35 
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12 
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Mean   Places  for  1899.0  of  Comparison- Stars. 

Red.  to 

Red.  i" 

* 

a 

app.  place 

8 

app.  place 

Aillhi.nl> 

1 

1  L     '.''  l.  90 

+  2>.2 

32   12  35.8 

-19.7 

Weisse-Bessel,  1 1  ,  No.  126 

2 

11      1    10.55 

+  3.07 

35  52  59.6 

-19.5 

Yainall   No.   1756 

3 

in  59  59.68 

+  3.12 

35  57  20.3 

-19.1 

Lund  A.< :.  Zones,  2  obs. 

1 

11     3     2.24 

+3.17 

36  33  26.7 

18.9 

Brussels  No.  1591 

5 

10  53  55.13 

'  3  n; 

38  11  32.2 

-15.9 

Lund  A.G.  Zones,  2  obs. 

6 

10  49  29.98 

(  +3.51 
j  +3.49 

38  2d  56.3 

<  -14.4 
j      L3.8 

"         «          "         " 

7 

Hi   ll'   17.49 

+3.39 

(  +3.39 
■    +3.39 
(  +3.38 

37   1."  59.6 

i      10.8 
j       10.7 

<         ln.S 

-!  -10.7 
(       L0.6 

it            a             (t 

8 

10  43  17.01 

37    ll'  22.9 

a            a              a            ic 

9 

It)  45     2.70 

+  3.37 

37  24  50.7 

-10.4 

Micrometer-comparison  sje  1 3 

HI     s 

in  43  35.41 

+3.20 

36  •-'»;  30.5 

-   8.8 

Lund  A.< I.  Zones,  2  obs. 

11 

in    15  27.44 

+3.20 

36  22  28.8 

-   9.0 

«        «         «        <( 

12 

in    is     8.73 

+2.99 

34  48  48.6 

-    7.8 

Micrometer-comparison  %  14 

13 

in    15   18.64 

+3.37 

37  lit     9.9 

-10.5 

Lund  A..G.  Zones,  3  obs. 

1  1 

10  47  39.51 

+2.99 

34  45    13.6 

-   7.8 

Paris  No.  13315 

Jan.  22.     Sky  hazy,  observation  poor.     Apr.  16.  Sky  hazy,  very  faint.     Apr.  20.  Ja  measured  directly  by  micrometer. 
I'lmr, ,-  Observatory,  1899  June  10.  

REDISCOVERY  AND   OBSERVATION  OF   HOLMES'S   COMET  d  1899  =  1892 III, 

By  C.  D.  PERRIXE. 

Xo  £/—%  £/'%  apparent  logi'A 

Mt.  Hamilton  M.  1.  5k  ,-,' .  ,  ,£  ?  .  ,      r, 

^        Comp.  la  Id  a  o  for  a        ford 

.lune'io  151'    2"  98  I      1      I   6,9  1    -o'"38.ll     I     -2  5L8     |    1  15"31.57  I  +17°  29  39*0    I  «9.G74  I  0.653 


Mean  Places  for  180.9.0  of  Comparison- Stars. 

8 


1  15  32.83 
1  14  56.42 


Red.  to 
app.  place 

+1.85 

+  1.86 


Red.  to 
app.  place 


+  17  32  22.9 
+  17  35  32.0 


+  7.9 
+  7.9 


Micrometer-comparison  with  >k2 
Auwers,  Berlin  A.G.  378 


The  comet  was  found  with  the  80-inch  refractor,  using  a  power  of  270.  It  appears  as  a  round  nebulous  mass  about  30'  in  diameter, 
with  only  a  slight  brightening  at  tin-  center.  The  conditions  were  good,  the  sky  being  very  clear  and  the  star  images  steady.  The  object 
is  very  taint,  however,  not  being  brighter  than  ll>M,  and  is  difficult  to  observe,  so  that  the  probable  error  of  the  place  obtained  is  larger 
than  usual. 

Lick  Observatory,    University  of  California,  1809  June  12. 


NEW   ASTEROIDS. 


Communicated  by  Prof.  Kkeutz. 


1S99 

M.T. 

a 

8 

Daily  Motion 

Discoverer 

/•:/. 

11.5 

(  Mar.  31   10  13.2 

Marseilles 

12  59     9.6 

-6  46  58 

[■  Coggia 

\            31  14  39.1 

" 

12  59     1.3 

-6  45  41 

KM 

11.5 

Apr.     .")  11   36.3 

Berl.  (Ur.) 

13  13     4.0 

-0  45 

-40      +2 

Witt 

EN* 

9.3 

June    8  12  16.0 

tt 

18  11   56.0 

-5     0 

-48      +6 

Witt 

♦Identical  with  (S5)  Io. 
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OX    THE    DEVELOPMENT    OF    THE    PERTURBATIVB    FUNCTION 
OP   THE   ECCENTRIC    ANOMALIES, 

Uv    ALK.XANDKI:    s.   CHESSIN. 

Iii  a  series  of  papers  published  in  this  Journal  i  Nbs.  326, 
332,  442  and  452)  the  author  has  given  a  method  by  which 
the  computation  of  the  terms  in  the  development  of  the 
perturbative  function  is  greatly  simplified.  The  object  of 
the  present  paper  is  to  indicate  a  further  simplification  for 
the  case  of  the  development  in  terms  of  the  eccentric 
anomalies  as  given  by  Professor  Simon-  Newcomb  in  his 
Astronomical  Papers,  (Vol.  Ill,  Part  I). 

In  the  second  of  the  papers  mentioned  above  (No.  332) 
the  author  has  shown  that,  given  the  terms 

P",;:',:  ;  Q™;»  ;  R:i::;:  ; ;    (»».  »  =  o,  i,  2,  — ) 

any  other  term  in  Prof.  Newcomb's  development  can  be 
computed  by  means  of  the  formulas 

«=*i    f='i 

Jt=0      e  =  0 
Jfc=ft,    a      1  . 

=  22  «a-«-'<wa!StS5 

]  ft  =  0     c  =  0 

1  *-*l  '  '1 


IX    TERMS 


where    /^  —  m+n  or  2n    according  as    m— n  <0  or  >0; 
and    e,  =  ni'  +  n'  or  -n     according  as  m1     n'  <0  or  >0. 

The  coefficients     «£,'"  ,  "!';'"  ,  <'[V"  ,  .  .  .  . 
Ms"  , 


and  denote  by  &£'  m  the  result  of 

substituting 

i-  for  m  in  the 

expression  of  <"',  then 

=    «?" 

foi 

F-  =   —  * 

i'ir   =  /'!"'" 

" 

v   =    t 

=  "i" 

a 

,z  =  1-; 

6-,-  =  6-.- 

ft 

v  =  i  +  ; 

a£„    =    of" 

(1 

^  =  2-* 

6£"    =  61- 

" 

1/    =  2  +  / 

The  modification  proposed  in  the  present  paper  consists 
in  the  following. 

1.  Instead  of  applying  Prof.  Newcomb's  symbi  la  Ii;-"„, 
to  1  he  expressions 

a    1    =  /,-■  -  1  o-a«  (&('  '  +  /,r> )  +  .  ..  . 
a'B,  =  ii  ■>+.... 

=   J«a6i'>-  .... 


(2) 


.   ;     are  obtained  as  follows.      If  w  >■  pul 
aj-   =V  «p<»+»)  0,  ,  off  -'•"-         (< 

„ -7-iv  o*+»+»-*+*-i)/ 

'  -   (       '   el  Qi+m+n-k     I)/ 

2M(2M-1)  ■  ■ .  (2^-fe+l) 

(k+e)/ 


we  mi'.  same  expressions  multi- 

plied respectively  by  (1H 

■  I    ■  <  I    •  ,  ...       To  avoid    new   letter.- 

b  ill  r<  tain  t he  notation 

1'  .   Q  .    i:  ;  .... 

for  the  respective  results  of  this  operation. 

2.       Instead    of    the        1'   '        :     <.'  (     B  !   ....       wc 

will  introduce  new  quantities     \         ;  "b  ;Z        ;  .... 

which  arc  defined  as  follows  : 


\  I   •  ,  i    •  <  I 

y-::  =  (i+i 

.  1  •  .       1  *  .  -•    1: 
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w  here  the  coefficii  ats  .  /8jj ' 

are  obtained  from     <  "'    and     #;;  "     in  the  same 

bhe    coefficients      "■..      .  a  \ " ;     &Jjm  ,  b%m  ,  .... 

are  obtained  from     of  "    and     S ;     again     /-;:  "     is  ob- 
tained from     b  '        bj  changing  //  into  v  and 

3.     The  general  terms  of  the  several  classes  in  the  devel- 
opment will  be  now 

(Class  (!)  eV"    \         0OS(V,+  mv+m'v') 

(Class   1  |  o--e"e'"'  Y",;:;,,  COS  (V'+  iii,)  +  iii',jr) 

(Class  2)  o-4«V"  /   *  cos(V  '  f  »/,,+  , //,,'. 


To  obtain  the  developed  valueofthe  perturbative  function 
with   the  new  coefficients,  it  is  only  necessary  to  replace  the 

letters     1'.  Q,  R by  the  letters     X,  Y,  Z, .  .  .  .     in  the 

complete  development  given  in  Chapter  ]',  of  Prof .  Xi-:w- 
i  omb's  work  i  Astron.  Papers,  Vol.  Ill,  Part  I.) 

It  will  be  seen  from  the  above  that  the  advantage  of  the 
proposed  modification  consist.*  in  the  more  simple  form  of  the 
relations  (4),  as  compared  with  the  relations  (1).  In  fact 
the  computation  of  the  X™  ;;  ;  V  „;....  requires  only 
a  slight  additional  calculation  as  compared  with  the  compu- 
tal  ii  n  of  the  original  P;"; "  ;  Q"; ",;....  ,(*)  while  to  the 
simplicity  of  the  relations  (4)  as  compared  with  (1)  we  owe 
a  sensible  reduction  in  the  work  of  computing  the  other 
coefficients  in  the  development  of  the  perturbative  function. 
This  simplification  is  two  fold.  First,  the  coefficients 
«"■ '"  ,  /i"'"  are  very  much  simpler  than  the  coefficients 
aj  and  /<;'• '".  Second,  as  is  seen  from  formula  (o)  we 
must  have  A  <  n  ,  hence  L\  =  n  and  for  a  similar  rea- 
son e,  =  n,'  in  formulas  (4),  while  h\  and  e1  are  equal 
to  m +  n  or  'In  and  m'  +  n'  or  'In',  respectively,  in  formulas 
(1),  so  that  there  are  fewer  terms  in  the  double  sums  \  I  , 
than  in  the  double  sums  (1). 

It  must  be  shown  now  that  the  proposed  modification  is 
justifiable. 

In  order  to  demonstrate  it  at  once  for  all  classes  of  terms 
we  will  denote  any  one  of  the  coefficients     P,  Q,  R,  .  .  .  .    by 

(*)A  simple  method  for  computing  these  coefficients  will  be  found 
in  a  paper  by  the  author  in  Xo.  326  of  this  Journal. 


theletter    II.  and  any  one  of  the  coefficients    X,  Y,  Z 

by  t  he  letter     I',     so  that 

P         —   1 1  for     /t  =     —  i     and     v  —  i 

II  for    M  =  1— t    and     v  =  1+i 

(')  >.,, 

V  I  for    ij.  =     —t    and     v  =  i 

\  l  for     fi  =  1—  i    and     v  =  1  +  t 

Moreover,  we  will  denote  by     N   ,      the  values  of     V  . 
V  '.  V,". . .  . .     of  Prof .  Nkwcomb.     With  this  notation,  any 
term  in  the  developed  value  of  the  perturbative  fui 
may  be  represented  in  the  form 

<W^^V"MI://;y-0S(X,,  ,,    +,iir,+  m   ,/   i 
\   ,.      »'  ("■  v)J 

a  ing   the  original  coefficients  of  Prof.  Newcomb,(*)  or  in 

the  form 

22tV"  cr"'-' ) cos Q*i*,v+m,i+m 

using  the  new  coefficients.     The   proposition  to  be  proved 
is  t  herefi  u  e 

E2.V  n:,;,  =  22.v 

The  demonstration  will  be  greatly  simplified  if  we  make 
use  of  a  remarkable  theorem  due  to  Prof.  NEWC0MB(t), 
namely  :  if  the  perturbative  function  be  developed  in  the 
supposition  e'  =  0  and  any  term  in  this  development  be 
represent  ml  in  the  form 

(Ye»n;;,AN)cos(X    ,+mv) 

and  if,  on  the  other  hand,  the  development  were  made  in  the 
supposition     c  =  0,     the  general  term  being  now 

Vt-  11:;;;aV'OS(X     .+»/,/) 
(»)      / 

then  the  coefficient  of  cos(S „ ,,+raij+wt'jj  miplete 

,/,  velopment  will  be  represented  by 

22£V" n 

„  T-  (ft  v) 

This  theorem  applies  as  well  in  the  case  when  the 
coefficients  U  are  used  as  in  that  when  we  retain  the 
original  coefficients  H  of  Prof.  Newcomb.  Hence  we 
may  restrict  ourselves  to  proving  that 

or,  since     n  =  m  +2p   (p  =  0,  1,  2,  .  .  . .) 

*  For    m  =  m'  =  A-  =  0     the  above  expression  as  well  as  the  one 
we  propose  to  substitute  for  it  must  be  multiplied  by  the  factor  i  . 
(^Astronomical  Papers,  Tol.  Ill,  Part  I,  p.  28. 
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(6) 


^  H"'+='' 


-% 


i 


To  this  proof  we  now  proceed.     To  this  end  we  remark 
that  by  the  relations  (4) 

(7)  U^  =  «„*•"•+»  UJfc  +  a^         i  i 

where  the  coefficients  «  must  be  put  =0  if  they  stand 
before  a  term  TJJ  whose  index  /.•  is  negative.  On  the 
other  hand  we  have  by  relations  (3) 


(8) 


U*  =  (l  +  o--1  HJ 


remembering    that     P,  Q,  B in   those    formulas  are 

Prof.  Newcomb's  coefficients  multiplied  by  (14-e-j—.     If 

now  we  develop  the  binomial  in  (8)  and  substitute  the  so 
developed  values  of  the  UJ  into  (7),  and.  finally,  the 
developed  values  of  C ;;/-''  into  (6),  then  the  right  hand 
side  of  (6)  will  become 


2>  CJ 


(9) 
where 

(io)  c<»'=  V  ,     n 


(11) 


(•'"•  »      =        >        II  '   "  ""-'■"     i/' 


Forrnulas   (11)   compared  to  formulas   (2)   and   (5)   show 
that     '■"•'  =  a i' ■''     and,  therefore, 

k  =  A 

C;  V\,"     ii   :  n 

as  will  be  seen  from  Formulas  (1).     Hence 

2£i"  r:»42"  =  2£"  (';'"  =  5/"'  " 

J-      -  II  7         i,  «  =  <J 

which  proves  our  proposition. 

The  proposed  modification  changes  in  nothing  the  pro- 
cess of  derivation     1>     (symbol  ol    bhe  derivative  with  re 
gard  to  the  Logarithm,  of  the  mean  distance  ol   fchi 
planet).     It   the  method  given  bj  the  authoi  in  No. 332  of 
this  Journal  be  used  for  computing  the    DP       .  1 " .';;,... 
(see  formulas  (60)    (62)  I.e.)  the  same  formulas   will 
the  values  of  these  coefficients  For  the  modified  \a. 
the     P,  Q,  . . . .     Tl,  ha\  e 

Dl  V  ;;  -  ,l  l  c'i   '    ,  l  I  ■   '       l>ll    J 
while  the     l>l  ;  ';,      where     m  I  m'    and     n±n'     will  be 
given  by  formulas  difl ■■  From  (4)  only  in  the  substitu- 
tion of     1H'     For     r. 


I  !••.  the  computation  of  the  terms  of  the  ; 

bative  Function   will  be  made  in  the  follow.. 
!.      Firel  compute  the  i 

A      14-t-,       (l+e's 
B  1 1  +«-,    ■  (1+, 
;  •  ■ 


h  bere     A  .  I".  .<',,... .     are    given  by    i 

Prof.  Newi  "\n;\  work  referred  to  above.     It  may  in 

be  convenient  to  first  develop  the  binomials  and  thus 
pments  in  powers  pi   both    a3   and    c.   <  -. 
In  general,  however,  the    form    given    here   will    be 
advantageous. 

2.  Compute  the  coefficients      X     ;  .  Y       ,  7.       

as  explained  in    Nbs.  326  ami  332 

computation  of  these  coefficients  differs  from  that  ■ 

I'       ■  Q    , used  there  only  in  adding  to  the  latter 

the  factors  (1  +£*)—  (14- e'2)-. 

3.  Compute  the  coefficients    X"-."„,   ,  Y;-,"„,  ,  Z;,",    .... 
by  means  of  formulas  (4). 

I     The    computation   of  the  derivatives  of  the  several 
terms  of  the  perturbative  function  with  regard  to  th( 
rithm  of  the  mean  distance  oi  the  inner  planel  | 
a  similar  way. 

To  conclude,  as  I  form  may 

not  give  an  adequate  idea  of  their  simplicity,  we  will  write 
down  those  of  them  which  are  to  be   used  for  practical  pur- 


poses. 
Z,  ... 

I 

I 


Again  the  letter    I"    will  be  used  to  dem  te     \.  \  . 
.     when  the  class  of  the  term  is  not  speoil 

-"'" -  ''  n-t*.-' 
—  i> —       i    •■-•.»' 

(w-+3        •  2        4-1  > 


TJ-+S.  .' 


•  !   i 

-M-V-      1  ■■-■      2 
3/ 


In  a  similar  way  we  have 
I  -ii  2vV 

'  1  —  .1  ' 


•  1  I 


us=u  = 


,    li>.+2 >(„.  +  !),. 
•" r, ' 


(m+i      l 

'     -       - 
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These   formulas   are  easily   continued.     We   obtain   as 
readily  the  following  ones: 

i     i     ;  =  (m+l)(»+l)  r;::!;:::!  -   2^(n+l)  I       | 
-""'  +  1;  1":::;!;::+  !/<■■  ' 
.,       (»+2)(»+l)(»+i)  r 

i  i    =   o " 

-v(m+2)(m+l)  I 

-2M(w  +  i)(»  +  i)t-;:::!;;:;!  +  4/uM,„  •  L)i 
-M(2/x-i)(«  +  i)  r::;::;t!-2^(2^-i)  r 

(»+a)(»  +  l)(m+l)  j,,,,,,,,, 

-ft(ra+2)(m+]  i  I 

-2v(»+t)(m+i)  u;+>: ;:+!  +  v(»+i)  i 

x  _v(2v-l)(m+l)  U^;:-2/tr^K-l)  I 

.V.  ,»•    r..W,'.   1S',)S  SorrmluT  111.  


_    (m+  2 ,(m  +  l)(n  +  2)(»  +  l)  n+I 

l    —    1 u  »+s.  »+2 


|-2)(»+l)(m+l)   l 


+V(m+i)(»+i)  i*:;::i::t! 

+  -r-V     I)  »+2)(»+l) 
4 

~  4 

-2ftv(2M-l)(n+l)   L':-+! 

-2/tv(2v-i)(m+i)  u:+;:r,  +  ^(2/x-i)<2^-ij  uj: 

These  few  formulas  Buffice  to  illustrate  the  method.  It 
would  be  out  of  jilace  to  give  them  in  detail  on  the  pages 
of  this  Journal,  since  this  would  consume  too  much  room. 


OBSERVATIONS  OF  MINOR   PLANETS  AND   COMET   cl  1899, 

MADE   AT  THE   OBSERVATORY    OF   VASSAR    COLLEGE    WITH    THE    12-INCH    REFRACTOR, 

By  MART  W.  WHITNEY  and  ALICE  EVERETT. 


1899  Greenwich  M.T. 

* 

No. 
Comp. 

Planet  —  if. 

Ja            |            J8 

Planet's 
a 

Apparent 

s 

log;/A 
for  a       1     for  S 

Obs. 

Apr.  12 
15 
18 

h       n 

15  44 

14  37 

15  20 

8 
28 
35 

1 
1 
2 

6 
5 

6 

+  l" 

-1 
+  1 

(385)  llmatar. 

'  9*50        -9     9^2    i  12*  lO""    6.40 

19.24        -5  23.0      12     7  37.67 

8.51        -9     3.7       12     5  16.25 

-12°  45 

-12  41 
-12  37 

12.9 
27.6 
30.3 

7.763 

wS.987 
8.187 

0.856 

u,s:,;; 
0.856 

W 

w 

ay 

(287)  Nephthys. 

Apr.  15 

16  23 

31 

3 

7 

+  2 

7.96    1     +1     8.6       14  14     4.47 
(17)  Thetis. 

+   3  34 

9.1 

»9.122   |  0.736 

w 

Apr.  27 

May    2 

4 

14  39 

16  27 
16  11 

51 
31 
30 

4 
5 
5 

6 

10 
14 

+  1 
+  2 
+  0 

39.82 
18.30 
41.49 

-1  15.9 

-7  20.7 
-0  29.4 

15  46  28.42 
15  42  41.54 
15  41     4.74 

-  9  49 

-  9  30 

-  9  23 

14.6 
50.5 
59.2 

»9.563 
»9.221 
»9.251 

0.808 
o.s:;2 
0.830 

AE 

AK 
AE 

(346)  Ilermentii ria. 

May    2 
4 
6 

14  54 
13  46 
16  29 

5 

47 
20 

6 
6 

7 

3 

7 

7 

-1 
-2 

+  1 

53.57 
30.58 
47.41 

+  6  28.7    1  12     0  31.50 
+  3  21.2       11  59  54.47 
+  3  10.4    1  11  59  18.78 

+  12  36 

+  12  33 
+  12  29 

16.0 

8.7 

17.7 

»8.908 

n8.545 

9.449 

O.S53 
0.854 
0.835 

W 

AV 
W 

(423)  [1896  DB.]- 

May    8 

9 

10 

11 

15  15 
14  48 

16  53 
14  45 

15 
37 
34 
57 

8 
8 
8 
8 

6 
S 
9 
6 

+  0 
-0 
-0 

-1 

30.57 
11.76 
57.85 
35.32 

-1  33.1 

-1  49.3 
-2  11.7 
-2  43.1 

13  50  14.64 
13  49  32.31 
13  48  46.22 
13  48     8.76 

-  0  38 

-  0  38 

-  0  39 

-  0  39 

30.5 

46.6 

S.9 

40.3 

«.8.658 

w8.942 

9.200 

n8.875 

0.773 
0.773 
0.773 
0.773 

W 
W 
W 

w 

(118)  Peitho. 

May    8 
9 

16  42 

16  21 

20 
53 

9 
9 

17 
13 

+  0 
-0 

26.64   1     +0  19.4    1  14     4  46.60 
27.14        +2     5.0    |  14     3  52.82 

Comet  a  1899. 

-10  35 
-10  33 

34.9 
49.3 

8.980  I  0.842 
8.815  1  0.842 

AE 
AE 

May  30 

31 

June  6 

15  39 

15  57 

16  18 

3 
39 

0 

10 
11 

12. 

6 
4 
3 

+  2 
-3 
o 

26.66 
16.76 
41.10 

+  3  35.5 
-8  43.2 

-7  25.5 

18    15  15.88 
18  20  13.85 
16  23  58.94 

+  57  13 
+  56  46 
+  49  21 

57.5 
43.0 

9.4 

w9.808 
?i9.715 
m6.620 

«9.410 
wO.011 

«0.082 

AE 
AE 
AE 

Comet  a  1899. 

June  3 

14  46 

29 

13 

6 

-1 

17.11   1    +1  18.7    |  17  15     8.27 

+  53  53 

22.3 

n9.670    m9.S58 

W 

ffo.466 
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Mean   Places  for  1899.0  of  Comparison- Stars. 


* 

a 

app.  place 

8 

lii-il.  in 
app.  place 

Autln 

1 

12     8 

+  3.05 

-12°  35   12.7 
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MEASUEES  OF  THE  DIAMETER  OF  JUPITER, 

By  HENRY    NORMS   RUSSELL. 


The  following  measures  were  made  with  the  6Jar  microm- 
eter of  the  23-inch  equatorial  of  the  Halsted  Observatory. 
They  are  double-distance  mea  i  ted  for  the  diam- 


eter of  the  wires.     The  magnifying  power  used  was  360. 
The  average   difference   between   the   gr<    I  least 

measures  of  a  single  night  was  0".32. 


No.  of 

Equatorial 

Diameter 

Polar  Diameter 

Greenwich  M.T. 
99  May  22,  14" 

Si  ttings 

Observed 

1'hase 

Corr.  Val. 

Dist.  5.202 

I  ed 

Dist.  5. 202 

5 

14.37 

+  0.09 

14.46 

41.87 

36.42 

24,  15 

5 

14.28 

+  0.11 

44.39 

38.75 

11.64 

36.35 

25,  14.5 

10 

14.03 

+  0.11 

44.14 

38  60 

11.39 

36.21 

June    7.  16 

6 

42.87 

+0.20 

13.07 

38.70 

10.26 

36.17 

8,  15 

5 

12.79 

+  0.21 

13.00 

38.73 

40.14 

36.16 

Mean 

38.676 

36.253 

Diameter  a 

;  distance  u 

rrity 

201.24 

C 

i 

On  June  5  the  planet  was  observed   through  thin  clouds. 
Though   it   was  faint,  its  outlines  were  sharp,  and   the  fol- 


lowing measures  were  secured, 
agree  as  well  as  on  other  nights. 


The  individu 


No.  of 
Settings 


i ibserved 
12.45 


Greenwich  M.T. 
1899  June  5,  16 

From  these  measures  it  appears  that  the  irradiation 
is  probably  at  least  0".6  on  the  planet's  diameter,  or  0".3 
at  each  limb,  and  that  the  true  equatorial  and  polar  diam- 


Equatorial  Diameter 
Phase  Corr.  Val. 


+  0.19 


12.64 


Polar  Diameter 
Observed        D 


eters  of  the  planei  at   us  mean  distance  are  consequently 
not  more  than  38  ely. 

P  1  ,188 


MIXDIUM  OF   CERASKXS    NKW    ALGOL-TYPE    VARIABLJ 

DM.  +45  3062,     a  =  20"  2m  24».6    ,     ! 

liv  .1.  A.  PARKHURST. 

The  following  observations  seem  to  confirm  the  period, 
4*572,  given  in  A.N.  .".7.72. 


June  15  15.1 

19  15.0 

21  14.8 

23  15.0 


8.80 
8.55 
8.66 

n.m; 


i  .  i:>  i  \ «  [i  ii  Tim  i 
Moon 


Inn-  26  I  1.9 
15.3 
16.2 
16.3 


0.71 
L0.10 
10.48 
10.50 


b 
26  16.7 
16.8 


10.69 

1  l.oo 


dune  26   17.0 

17.1 


11.12 
11.26- 

magnitudes  arc  based  on  the  DM.  scale  and  at 
approximate.     The  minimum  was  evident 
from  June  26,  18h,  the  ephemeris  t 
the  minimum  of  1899  M.i\  7.  I0h.9,  as  tl 

\      11. 
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SUNSPOT  OBSBEVATIONS, 

MADl     .11    BEBWYN,    i-i  \  \  \..    WITH    A    14  [Hi  II    BEPBACTOB, 
Bl    A.    W.    QTJIMBl  . 
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OBSERVATIONS   OF   SUNSPOTS, 

M.l  :  .    i  M\  i  B811  "i    OBSl  i:v  \  rOBT, 

By  A.  I.  OLIVER,  J.  J.   I.'VAV    \\i.  W.  A.   COI1     - 
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These  observations   were  made  with  a  7.1-inch   refractor,     l'l"-  use  of  higher  powei 

"  indicate  in  each  i  i  ->">  by  the  degree  of  distinct! 

counted  and  drawn.      \  large  Berschel  Prism,  with  an  eye-pii  I     G,  1\   P  Indicate  res] 

power  ".."'      ha.\  in  ;  :i  reticulated  micrometer,  and  showing  the  entire  nition. 
disk  ..!'  the  sun   was  used  for  the  firsl  plol  and  counl 

further  examined,  and  the  count  corrected  bj  82]   different    spots.      11 
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taining  120  spots,  and  20  were  south,  containing  102  Bpots.  There 
were  alio  observed  10  isolated  spot*,  '  north  and  6  south. 

of  the  groups  whose  latitude  an. I  longitude  were  obtained,  12  were 
within  10    of  the  equator ;  9  between  10   and  20  j  and  only  1  above 

20°.     This  group  extended  fr 21     i"  —25°.     One  group  was 

observed  near  the  equator,  Feb.  I.  1899,  extending  from  0    t"     2  . 

When  an  examination  Is  made  of  the  latitude  ami  longitude  "i  the 
spots  observed  during  the  seven  months,  some  peculiar  facts  are  at 
once  ii. in. 'il.  U  iili  the  possible  exceptions  of  certain  minor  mani- 
festations, there  were  no  disturbances  observed  in  north  latitude 
between  0  ami  ISO0  of  longitude,  nor  in  south  latitude  between  270 
and  860  of  longitude.  From  Sept.  26  in  lire.  l.  there  were  121 
different  spots  north  of  the  equator,  ami  89  south  :  while  from  Dec.  1 
id  May  I.  "ni\  i  l'  were  north,  109  south. 

There  was  but  one  case  in  which  reappearance  seemeil  surely 
proved.  However,  the  plottings  made  Feb.  8  of  a  group  having  a 
mean  latitude  of  — 1  ami  longitude  91  80',  when  compared  with 
those  of  -lan.  5,  Indicate  a  reappearance,  but  as  n<>  accurate  determi- 
nation .if  the  position  of  the  group  was  made  in  January,  some  un- 
certainty exists.  On  April  2  a  normal  spot  was  nearly  central,  with 
a  mean  latitude  of — 13°,  longitude  50  .  This  appeared  again  April 
2:;.  ami  was  central  about  April  29,  having  a  mean  latitude  of  — 13  . 
longitude  6$  30'.     The  spot  remained  normal  throughout  each  series 


■  •i  observations,  but  during  Its  second  appearance  a  number  of  pores 
developed. 

\-  in  the  appearance  of  tin-  penumbra  of  essentially  symmetrica] 
^puis  when  near  the  limb,  there  were  three  cases  in  which  the  pe- 
numbra showed  mi  lie'  side  awaj  from  the  limb,  ami  nut  on  the  side 
next  tie-  limb.  Two  cases  showed  penumbra  on  the  Bide  next 
tin-  limb,  ami  imt  "ii  lie-  Bide  away  from  the  hmb.  In  three  cases, 
Bhowing  penumbra  on  both  Bides,  tic  penumbra  "as  broader  on  the 
Bide  m-\t  tie-  limb;  only  one  case  in  which  the  penumbra  was  hroader 
cm  the  side  awaj  from  the  limb,  (fine  spots  hail  penumbra  on  all 
sides  when  near  the  limb,  but  with  greatest  extent  north  and  south. 
There  was  one  case  in  which  a  symmetrical  spot  lost  it-  penumbra 
entirely  when  near  the  western  limb,  ami  three  cases  which  developed 
bra  soon  after  appearing  on  the  eastern  limb.  No  spot  ap- 
peared a-  a  projection,  while  two  appeared  as  depressions  on  the 
limb. 

The  greatest  maximum  occurred  Sept.  30,  a  total  of  56  Bpi 
north  of  the  equator,  ami  26  SOUth.      The  text  maximum  was  Nov. .;. 

17  spots,  31  north  aid  16  south.     Other  maxima  occurred  Oct.  «'.. 

28  spots,   all   south;  .Ian.  2,    '_':;   spots,    all    SOUth.      There    were    four 
pni. ..Is   when    no  spots  at   all    wei  1:;  to    10,    Feb.  24, 

March  .">  to  11.  ami   April  8.     On  Oct.  20.  Nov.  24,  Jan.  20,  Feb,  20, 
March  29,  April  111,  only  one  spot  was  ohserveil. 


NOTE   OX   THE   POSITION    OF   (,HJSBCULIS. 

By  ERIC   DOOLITTLE. 
In  computing  the  orbil  of  this  star  recently  published     tron  than  L897.60.     The  following  additional  observations 
t  A.J.  No.  160),  no  observations  were  available  nearer  perias-  .  are  in  the  most  critical  part  of  the  orbit. 


:  L896.452 
(1896.580 

-  IS'.i7,KU 
,  L897.600 

1898.664 

(*»1899.177 

<5llS!)'.».:.'..s 


(5.0 

14.:; 

2.3 

344.2 

287.4 

271.7 
266.7 


0*54 
0.64 
0.46 
0.66 

0.53 

1 1..",!' 
0.58 


DOBI  I.-cK      Dool.ITTI.E 

e0  _0„       e  -er 


-i 


Lewis,  28-inch 
Comstock) 
Lewis,  28-inch 
Aitkeii.  12-inch) 
Bryant,  ) 
Bowyer,     28-inch 

Lewis.        ) 

Aitken,  36-inch 
Doolittle,  18-inch 


-   1.0 

—10.2 

+   9.3 

-   2.0 

-H27.7 

+  14.S 

+  16.0 

—  3.3 

+   3.1 


+   2.0 

+  4.i; 


l  i.i 


-11.9 

•  10.0 


(')(2)  The  yearly  motion  should  he  about  :;0D.  (3)  These  observa- 
tions throughout  the  computation  {A.J.  460)  were  wrongly  attributed 
to   Mr.  Bussey.     (')  Mr.  Aiikex  has  kindly  sent  me  this  measure; 

The  observations  are  somewhat  inconsistent,  and  measures  during  the  coming  summer  are  greath-  to  be  desired. 
The  Flowt  r  Obsi  rvatory,   1899J  mi   1. 


he  writes,  "  Power,  1000;  weight,  4;  easier  than  last  autumn." 
(6)  Perfectly  clear  and  separated  from  the  disc,  mean  of  eight  meas- 
ures on  each  night. 


THE   THIRD   CONFERENCE  OF   ASTRONOMERS  AND   ASTROPHYSICISTS. 


The  committee  charged  with  the  selection  of  a  time  and  place  for 
holding  a  third  conference  of  astronomers  and  astrophysicists  met 
in  the  City  of  Washington  on  February  8,  1899,  and  by  unanimous 
vote  of  the  members  present,  Messrs.  Nkwcomb,  Morley,  Hale 
and  CoMSTC  k.  resolved  that  such  a  conference  should  be  held  at 
the  Terkes  Observatory  early  in  the  following  September,  the  pre- 
cise date  to  be  subsequently  determined  by  Professor  Hale.  In 
accordance  with  this  resolution  and  at  Professor  Hale's  invitation, 
the  conference  will  be  held  at  tin-  Yerkes  Observatory,  Williams 
Bay,  Wisconsin,  beginning  on  Wednesday,  Sept.  6,  and  closing  on 
Friday,  Sept.  S. 


In  its  plan  and  scope  this  conference  will  be  similar  to  those  held 
in  1897  and  1898  at  Williams  Bay  and  Cambridge,  accounts  of  which 
have  been  published  elsewhere.  The  committee  charged  with  per- 
fecting  a  plan  for  the  organization  of  a  permanent  society  of  astrono- 
mers and  astrophysicists  to  have  charge  of  future  conferences  will 
present  its  report  at  this  time. 

A  circular  giving  information  regarding  local  arrangements  will 
be  issued  shortly. 

George  C.  Comstock,  Secretary. 


C  O  X  T  E  X  T  S  . 
Ox  the  Development  of  the  Perturbative  Function  ix  Terms  of  the  Eccextisic  Anomalies,  by  Alexander  S.  Chessix. 
Observations  "i    Minor  Planets  and  Comet  a  1S99,  by  Mary  W.  Whitxey  and  Alice  Everett. 
Measures  of  the  Diameter  of  Jupiter,  by  Henry  Norris  Rcssell. 
Minimum  of  Ceraski's  New  Algol-Type  Variable,  by  J.  A.   Parkhurst. 
Sunspot  Observations,  by  A.  W.  Quimby. 

Observatioxs  of  Suxspots,  by  A.  I.  Oliver,  J.  J.  Ryax,  and  W.  A.  Coit,  Studexts  ix  Astronomy. 
Note  on  the  Positiox  of  JHerculis,   by  Eric  Doolittle. 
The  Third  Coxferexce  of  Astronomers  and  Astrophysicists. 
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ORBITS  OF    THE    SATELLITES    OF    MARS   FROM    OBSERVATIONS    MADE    AT 
THE  U.S.  XAVAL  OBSERVATORY   AM)  THE  LICE    OBSERVATORY,   L894-6. 

Ii\   STIMSOM   .1.   BROWN. 
[Communicated  by  Prof.  \V\i.  Habkness,   (J.S.N.,  A-Stronomlcal  Director.] 


In  the  fall  of  1S94,  I  made  a  series  of  observations  of 
Deimos  and  Phobos,  with  the  intention  of  deriving,  from 
the  changes  which  bad  taken  place  in  their  orbits,  a  value 
of  the  ellipticity  of  Mars. 

The  orbits  resulting  from  the  observations  of  Professor 
Hall  for  the  oppositions  of  1879  and  1892,  as  well  as  my 

own  for  1894,  had  been  reduced  and  isiderable  progress 

made  in  the  theory  of  the  perturbations  of  the  elements, 
when  serious  trouble  with  my  eyes  from  over-use,  obliged 
me  to  suspend  all  computing  and  nearly  all  observing  for  a 
year.  Before  I  could  again  resume  the  subject,  a  paper 
was  presented  by  Prof.  Herm  \\  Sti.-i  \  i:  i  Astr.  Nach.,  Bd. 
138),  which  -was  as  complete  and  thorough  a  discussion  of 
the  whole  subject  as  the  available  material  admitted. 

During  the  winter  of  1896-7,  the  extensive  series  of 
Campbell's  1894  observations  of  Phobos  made  with  the 
Lick  36-inch  equatorial,  as  well  as  my-own  and  those  of  tin- 
Lick  Observatory  of  both  satellites  at  the  opposition  oi 
1896-7,  were  reduced  and  the  orbits  of  the  satellites  derived. 
I  had  hopes  that  the  new  material  would  provide  the  means 
of  decidedly  improving  Sn:  i  vs'stheory,  bul  its  use 
that  the  changes  would  b  cant,  and  that  more  time 

and  more  suitable  and  accurate  observations  would  bi 
essary  to  reach  any  definitive  results. 

Since  the  recent  publication  in  detail  "I  Si  bi  ve's  < 
rate  investigation  (Mem.  de  I'Acad.  /»</<.  de  -V.  Petersbourg, 
VIII  Ser.,  Vol.  VIII,  No.  3),  an  extended  publication  of 
my  results  would  be  superfluous.  For  the  present,  therefore, 
I  merely  offer  here  that  portion  of  the  work  I  have  done 
on  the  subject  and  which  is  nm  contained  in  Stbi  VK's 
memoir. 

Both  satellites,  and  especially  Phobos,  arediffi 
with  our  26-inch  telescope.  on  account  of  the  peculiar  glare 
which  surrounds  the  planet1  beyond  the 

orbit  of  Deimos.  Excepl  mi  rare  occasions,  it  isnol  possi- 
ble to  observe  the  satellites  with  the  planet  in  the  field, 
without  the  use  of  some  device   for    reducing   the   glare. 


Even  with   this,  it   is  only  at  the  two  or  three  sue© 
oppositions  occurring  near    the    perihelion   of    Mars    that 
ations  can  be  made  sufficient  in  accuracy  and  num- 
ber to  permit  a  valuable  derivation  of  their  orbits.     The 
larger  telescopes,  or  those  mounted  in   situations    having 
more  suitable  atmospheric  conditions,  will  have  to  secure 
the  very  important  series  occurring  at  the  next  few 
sitious  of  Mars.     The  experience  of  Professor  11  mi.  at  the 
oppositions  of  L881  to  1888  is  confirmed  by  my  own  during 
the  last  opposition,  ami  that  of  Professor  Barnard  at  the 
\  erkes,  where,  I  think,  only  one  or  two 
secured  on  account  of  the  unusually  stormy  winter  weather. 
The  discussion  of  the  observations  shows  also  the  im- 
portance of  making  all  the  observations  oi   t 
by  measuremi  tangular  co-ordinates  referred  sym- 

metrically to  the  limbs  of  tin-  planet.  Si  kute  adopted  this 
plan  in  his  ls;i  i  obsei  \  ations  with  the  30-inch  telescope  at 
Pulkowa,  with  unquestionable  advantage  to  his  results  so 
far  as  concerns  systematic  errors.  \)  the  mi  isures  with 
our  26-inch,  and  generally  those  of  the  position-. ii 
the  Lick,  have  been  made  by  estimating  the   centei    - 

planet,  and  the  results  in  both  cases  are  gen*  rail]  ai 
with  large  ad  in  some  cases  undoubted 

systemal  ic  errors  ■  at  upon  mi 

I  ible  in  the  : 

of  the  three  series  into  w  hich  I  he  I 
vations  for  L894  have  been  divided.     Although  the  proba- 
ror  of  a  single  observation  of  the  firs!  series  is  un- 
usually .small,  and  the  resulting  va'.ic 
than  in  anj  other  series,  yet  some  oi  thi  to  he 

:    by  large   systematic  error.     In  this  respect   the 
of  my  observations  are  in  tolerably  close  agreement 

with    the   theory,    while   the   valuer    of   a    dependent     upon 

measures  of  a  n  :■  rred  to  the  estimated  center  of  the  planet 
arc  discordant. 

The  observations  with  the  26-inoh  equatorial  were   all 
made  witli  an  c\  e-piece.  magnifying  powi         -  lining 
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i  circular  piece  of  ruby  glass  Eor  reducing  the  bright- 
ness of  tlic  planet.  The  illumination  of  the  wires  was 
Becuredb]  means  of  a  small  hand  lamp,  the  rays  of  which 
were  thrown  through  a  small  hole  in  the  end  of  the  microm- 
eter-boa opposite  the  micrometer-head,  it  is  aot,  in  my 
opinion,  i ivenienl  or  efficient  a  method  of  illumination 

as    the   men'   modem  electric  appliances  in  use  at  the  Lick 

and  Yeikes  Observatories,  and  which  will  he  in  the  near 
future  installed  on  our  instrument. 

The  method  id'  observing  has  been  generally  to  measure 
lour  position-angles  before  and  after  the  four  measure-  of 
double  distance,  both  referred  to  the  estimated  center  of 
the  planet's  disk. 

In  the  derivation  of  the  computed  places  Ma rth's  well 
known  formulas  were  used.  The  coefficients  of  the  equa- 
tions of  condition  for  Deimos  were  computed  For  a  "  beter 
ogeneous  system  of  units,"  suggested  by  Professor,  New- 
niin:.  I  have  not  found  the  method  convenient,  nor  well 
adapted  to  satellite-work,  and  have  not  used  it  in  other 
computations.  The  formulas  are  given  in  Dr.  11  a  rsh  \i  a  \  's 
article  on  the  orbit  of  Deimos,  <  A.J.  Vol.  XIV.  No.  331).    As 


they  are  easily  derived  from  SIabth's,  which  have  recently 
red  in  this  Journal  (Vol.  XIX,  No.  141,  p.  66),  they 

are  omitted.  In  using  the  formulas  id'  M  IRTH,  I  have 
found  it  convenient  to  express  ,■  in  terms  of  ".  the  mean 
distance  assumed  as  unity,  thus  expressing  all  results  in 
seconds  of  arc. 

The  Lick  01   ervatory  observations  may  be  found  in  the 
Astronomical  Journal,  as  follows  : 

Campbell's,  Vol.  XV.  No.  337,  1895. 

Scum  bi  i.c.'s.  Vol   X  \  II.  tfo.399,  L896-7. 
11.  ssbt's  Vol.  XVIII.  No.  424,  1897  8. 

The  grouping  of  the  observations,  in  order  to  reduce  the 
number  of  equations  of  condition,  will  be  readily  seen  by 
comparing  the  time-,  of  the  observation  given  in  the  tables 
below  with  those  printed  with  the  original  observations. 
In  the  Washington  observations  the  column  marked 
ction"  contains  the  correction  to  apply  to  the  ob- 
served quantity  for  refraction  and  phase,  and  generally  to 
reduce  the  observed  distance  to  the  time  of  the  observed 
position-angle. 


/It'!/, ins,    IS1.)  1. 


u.  s. 

\  ww.  Observatory.  — 

Brown. 

Washington  Date 

Obs.  p 

Corr. 

W.M.T. 

ill,-.  8 

Corr. 

wt. 

C- 

Jp° 

-O 

Js" 

Remarks 

Oct.     1 

ll              Ml 

11    17.li 

231/78 

-<U>7 

11 

47.0 

74.26 

-0T7 

1.00 

-(425 

-0.19 

Faint  and  difficult 

6 

lo    17.6 

239.43 

-0.03 

10 

47.7, 

69.38 

-0.09 

1.00 

+0.26 

-0.19 

10 

'J  37.5 

224.01' 

-0.03 

9 

37.5 

70.36 

-0.02 

0.70 

-o.ol 

-0.72 

Via  \   faint  ami  difficult 

11 

lo  52.7 

I'll. or, 

-0.02 

10 

7,2.0 

62.52 

-0.02 

1 .7,0 

+  1.00 

+  0.16 

Seeing  very  good 

15 

9   14.75 

229.78 

-0.01 

9 

15.0 

74.20 

0.00 

2.00 

+0.26 

+  0.62 

"         "         " 

11  38.25 

218.96 

-0.01 

11 

39.0 

62.98 

+  0.02 

2.00 

+  0.22 

+  0.14 

Seeing  excellent 

13  38.9 

203.23 

-0.02 

13 

35.5 

44. OH 

+  0.00 

•j.i  ii  i 

+0.22 

+  0.16 

"               " 

16 

in   :,il.7r. 

252.58 

-0.01 

10 

51.5 

52.05 

+  0.03 

o.7o 

+  0.7,5 

+  0.96 

Wry  poor,  very  faint 

17 

-.1    in.:, 

38.03 

+  0.01 

9 

13.0 

01.7,1 

+  0.03 

1.7,0 

+  0.21 

+  0.13 

Poor 

lit  30.2.-, 

27. so 

+0.01 

10 

35.0 

lo.:;:, 

+  0.07 

1.50 

-0.17, 

-0.42 

Better  image 

is 

o  31.75 

64.17 

+  0.O2 

'.) 

33.0 

63.38 

+  0.04 

2.00 

+  0.82 

+  0.0S 

Images  good 

11  :;i.4 

54.84 

+0.01 

11 

;;.-,..-, 

7:;.  in 

+  0.02 

2.00 

+  0.68 

+  0.7,0 

"          " 

12   15.0 

19.76 

+  0.01 

12 

48.0 

7  1.:;:; 

+0.03 

2.00 

+  1.00 

+0.22 

"          " 

19 

s   i;i  ;, 

198.34 

-0.02 

S 

51.0 

39.72 

+  0.07 

2.00 

-O.20 

+0.27 

;<                " 

lo     l.:;.-, 

L75.16 

-0.01 

10 

1.7, 

28.91 

+  0.17, 

2.00 

-0.26 

+0.38 

«               « 

in  36.0 

158.34 

-0.01 

0.25 

-0.56 

<  >ne  setting  near  con  junctii 

ii 

20 

S  38.3 

236.57 

+  0.01 

8 

38.8 

73.09 

+  6.03 

2.00 

+0.50 

-6.32 

Excellent  seeing 

10  33.6 

228.77 

0.00 

10 

:;.-,..-, 

73.12 

+  0.03 

2.00 

+0.39 

+0.33 

"            " 

24 

9     6.8 

206.71 

+0.01 

9 

7.5 

47.39 

+  0.04 

1.00 

-0.10 

+0.14 

j  poor 

25 

8  37.1 

242.08 

+  0.01 

8 

37.5 

CO.  11 

+  0.05 

1 .00 

+  0.5S 

-O.Ol' 

Seeing  poor,  clouds 

27 

1n     :,.u 

14.12 

-0.01 

ii..-,n 

+  0.11 

Clouded  over 

31 

S       '.1.1 

19.79 

-0.0S 

8 

1  l.o 

39.94 

+6.08 

LOO 

-0.18 

+6.77 

fail- 

Nov.     1 

7  ll.:, 

60.04 

±0.00 

7 

43.0 

66.61 

—  0.05 

L'.oo 

+0.48 

+0.25 

9    3.8 

53.63 

-o.ol 

9 

l.o 

69.92 

-0.05 

•J. no 

+0.61 

+  0.07, 

in  26.8 

17.21 

-0.02 

10 

27.7, 

07, 89 

-0.06 

2.00 

+0.82 

+  0.39 

12     L.2 

39.39 

-0.03 

12 

1.0 

60.36 

-0.07, 

2.00 

+  0.7,0 

+  o.;;:; 

G 

10     0.2 

54.88 

-0.02 

9 

7,9.0 

66.28 

-0.13 

1.50 

+0.40 

+  0.90 

11    12.7, 

48.72 

-O.04 

11 

12.0 

65.92 

-0.12 

1.7,0 

+  1.10 

+0.66 

1.  56.6 

10.67 

^-0.06 

12 

53.5 

58.24 

-0.10 

1.50 

+0.33 

+  1.65 

Very  faint 

15 

8  11.2 

42.85 

-0.11 

s 

20.0 

58.18 

-0.23 

II.OII 

+  2.29 

-0.21 

Almost  invisible 

20 

S   L5.4 

50.20 

-0.10 

s 

30.3 

7,0. OS 

-0.27 

0.50 

+  0.40 

+  1.09 

tt             a 

22 

s  11.25 

215.36 

+  0.24 

s 

33.8 

15.50 

+0.31 

0.50 

+  1.23 

-0.34 

" 
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Oct.  24.0  (i.M.T. 


Assumed  Eli  ments  oi 


1  li'  .35 
38   012 
48  .0  17 


Oct.  24.0  G.M.T. 


285  .162 


A.J 

38.278 


J.Y 

+  17.1  UK 
:;;  692 


I  16.861 

+33.425 

37.175 


Nob  m  ix  Eqi  ations. 
da 
+     6.912 

-  2.135 

-  11. s(is 
L63.727 


The  solution  of  the  normal  equation  corrections: 


IN 

i 

V 


+0°.4453 

+0°.6243 
-0°.121  1 
-  0  .0916 
+0  .0479 


±0  .239  or  ± 


0  0454 
ii  .091  I 
0  .1001 
0".0198 
ii  .0431 
n  .0251 
i  I'M:;:, 


+  0.409 
-13.333 
-10.725 
-  1.167 
18.961 


[w«] 

M 


+ 


+ 


V 

6.791 

28.870 

28  370 

0.421 

162 

150.827 


=    10.297 
=    10.627 


-   9 


.1  18 
.423 
.854 
133 
635 

.181 


.  ation  of  weight  unity. 


The  corrected  elements  for  the  mean  epoch  Oct.  24.78  G.M.T.  referred  to  the  appai 


1  12  .:i71 
38  .457 
17  .390 


Oct.  24.0  G.M.T. 


1876 
27   59    t    L6  .6 
0.001803    r    0.01 


/'.  imos,   1 896. 
i  .  S.   \\-  \i    Obsebvatobt. —  Brows. 


Washing 

ton  Date 

Obs.2> 

i  lorr. 

W.M.T. 

Obs.  .s 

1    HIT. 

Wl. 

c- 

Remarks 

b       in 

b       m 

Nov.   is 

12   L6.2 

239.52 

-ii. in; 

11'  38.2 

52.53 

-0.19 

£ 

+  1.17 

-0.37     Fair 

22 

'.)  32.0 

241.65 

0.02 

'.i  51.2 

55.93 

-0.12 

1    llll 

-0.69 

S 

K)  23.4 

I'll. '.is 

0.03 

in  29.4 

54.23 

-0.12 

|    llll 

0  84 

11     0.0 

241.94 

0.03 

11    L0.6 

51.82 

0.12 

1.(10 

0.67 

0.11 

1 1   59.5 

241.79 

M   Ml 

12  21.7 

14.16 

0.12 

LOO 

0.27 

•  o  18 

13      2.1 

242.57 

0.05 

12  45.3 
i:;  23.5 

41.08 
35.73 

0.12 
0.10 

l.HO 

l.no 

-0.72 

25 

In     2.2 

60.85 

H0.06 

in  25.0 

50.09 

+  0.11 

1     llll 

n.7l 

0  I 

thick 

Dec.     9 

11    15.5 

57.84 

0.00 

1 1     3.8 

55  62 

•  0.01 

1.00 

0.64 

0.35 

12  1  1.2 

56.24 

o.oo 

12  27.0 

18.22 

-  0.01 

l.HO 

-  0.51 

12    15.5 

56.96 

o.oo 

1  .mi 

0.79 

11 

9  15.8 

236.85 

+  0.01 

9  23.0 

51 .41 

+0.02 

l.HO 

0.54 

0  26     '  1 

10  30.5 

235.51 

0.00 

10    112 

13.30 

I. llll 

0.28 

0.72     Excellent 

1 1   25.7 

234.98 

o.oo 

11    15.2 

37.25 



1  llll 

-  0.70 

12    1  1.(1 

11'   14.0 

27.95 

I  0.01 

1   nil 

n  1  I 

1  1 

9  39.8 

58.27 

—  0.05 

'.i  54.5 

56  1" 

t  II. Ill 

1   nn 

Fair 

16 

7  59.0 

237.66 

+  (1.02 

8   16.0 

55.51 

1  0.02 

l.nil 

Fair 

'.i  29.2 

235.91 

—0.01 

9    11.5 

52. 1 1 

1.00 

+  l.i  >2 

11    in.o 

234.76 

0.01 

11   21.5 

I  I  53 

|  0.02 

L.00 

23 

8  20.5 

54.86 

0.02 

s  38.2 

50.93 

0.04 

LOO 

0  86 

9  30.0 

53.50 

0.05 

9   L8.0 

17.12 

0.04 

inn 

0.26 

28 

7  52.6 

56.1  1 

0.09 

8  12.6 

52.79 

0.09 

1.00 

0  75 

Faint 

8  3C.0 

54.83 

8    12.2 

51.83 

0.09 

1.00 

0.24 

0.66 

Much  better 

:i   is  i 

53.20 

0.08 

Ism.; 

o  lo 

LOO 

0.61 

.. 

Assumed  elements  i 


The  resulting  Dermal  equations,  using  the  weights  givei  ccept  the  equations  in  .«  double  weight, 

follows  : 


•/ 

38  .457 

\ 

"l 

l'.ii'  .21      Deo.  l.o  G.M.T 

'■„ 

32»321 

II 

285  .162 

84 
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j./ 
7.642 


j.v 
+  5.679 
L4.885 


J",, 
+   0.637 
+  8.600 
10.296 


I    0.468 

f   5.887 

+   7.755 

16.088 


0.585 

-   9.922 

-12.7(ii; 

26.885 

54.308 


J  a 

+  0.335 

L5.746 

20.926 

6.60J 

+15.827 
99.974 

nil 


+  5.156 
t     t.428 

-  2.510 

-  7.017 
+  l  1.646 

6.390 
23.092 


From  the  solution  of  the  normal  equations  resulted  the  foil.. win-  corrections,  and  corrected  elements,  for  the  mean 
epoch  Dec.  9.1  G.M.T.,  and  to  the  apparenl  equator  of  thai  epoch: 


/./ 

_0°.2641    ±  0C.152 

J      38°.19     ±  0°.15 

/v 

-0°.072     ±  0°.151 

N       10  .72     ±   0°.16 

hi 

+0°.915     ±   0°.22! 

u     L93M2     ±   0  .22     Dec.  1.0  G.M.I 

1a 

+0".189     ±   0".0457 

/     239°.84      ±   it  .26 

-0°.0734   ±   0°.215 

a      32".510 

_0°.2726   ±   0M05 

[tw]       12".21 

TT 

195°.63 

[»n6]     11.84 

e 

0.00  10  I 

r,     ±0°.308  or  ±0".174 

Deimos,  1896. 
Lick  Obsesvatoky.— Schaebeiule. 


Greene 

i.-li  Mean  Date 

' puted 

P 

Observed 
V 

c— 0 

tomputed 

Observed 
8 

C  — O 

Residuals 
l>                   p. 

V7 
Weight 

Nov. 

28   17  49.2 

240.17 

240.70 

-0?53 

40.10 

11.71 

-1.58 

-o.ol 

0.65 

1.10 

18     6.9 

240.14 

241.50 

-1.36 

\-j.:,s 

44.00 

-1.42 

-1.02 

0.42 

1.16 

18  25.1 

240.11 

241.14 

-1.03 

44.02 

I.-..SO 

-0.8S 

-0.74 

+  0.17 

1.30 

18  57.5 

240.08 

241.02 

-1.54 

48.63 

49.93 

-1.30 

-1.57 

0.57 

1.12 

19  24.8 

240.04 

240.00 

+  0.04 

5 1.2S 

52.36 

-1.08 

+  0.66 

-0.40 

1.12 

19  49.0 

240.01 

240.40 

-0.39 

53.25 

53.84 

-0.59 

+0.02 

+0.18 

1.42 

20  14.0 

239.99 

239.73 

+  0.26 

54.89 

54.01 

+  0.28 

+  0.65 

+  0.87 

1.00 

20  33.5 

230. OS 

240.23 

-0.25 

55.89 

55.55 

+0.34 

+  0.1  1 

+0.83 

l.oo 

20  51.0 

239.95 

240.27 

-0.32 

56.56 

56.20 

+0.36 

+  0.05 

+  0.77 

1.00 

21  10.2 

239.93 

240.05 

-0.12 

.-.7.07 

57.00 

+  0.01 

+  0.25 

+  0.32 

1.00 

21  43.3 

239.90 

239.40 

+  0.50 

57.36 

58.25 

-0.80 

+  0.52 

-0.75 

)0.60 
(1.00 

21  58.0 

57.24 

57.77 

-0.49 

-0.42 

l.oo 

22     9.5 

.-.7.0;, 

57.05 

0.00 

.    . 

0.00 

1 .00 

22  18.0 

239.86 

240.10 

-0.24 

+  0.06 

0.00 

22  25.0 

5*6.64 

56.97 

—0.33 

—6.39 

1  nil 

22  36.7 

50.23 

.-.0.02 

-0.00 

— 0.68 

0.60 

22  41.7 

239.84 

239.40 

+  0.44 

+  0,15 

0.60 

22  51.2 

55.59 

56. 12 

-0.53 

—0.48 

0.60 

23     5.0 

54.86 

54.93 

-0.07 

-0.40 

l.oo 

23  25.5 

239.79 

LMu.lii 

-0.31 

-0.01 

0.60 

23  36.3 

52.72 

53.1  I 

-0.42 

-0.83 

1.16 

Dec. 

4  17  55.5 

57.20 

58.45 

-1.25 

3S.19 

37.14 

+  1.05 

-1.04 

+  0.00 

1.00 

5  21  31.2 

58.16 

57.37 

+  0.79 

55.15 

55.22 

-0.07 

+  1.13 

-0.20 

1.00 

21   46.0 

58.06 

57.87 

+  0.19 

54.23 

54.02 

+  0.21 

+  0.52 

+  0.06 

1.00 

22     3.5 

57.93 

58.47 

-0.54 

52.96 

53.09 

-0.13 

-0.22 

-0.27 

1.00 

22  12.2 

57.85 

58.30 

-0.45 

52.25 

52.34 

-0.09 

-0.14 

0.25 

1.00 

22. 1 

57.79 

57.80 

-0.01 

51.36 

51.92 

-0.56 

+  0.29 

-0.73 

1.00 

22  36.6 

7.7.07 

57.13 

+0.54 

50.02 

50.25 

-0.23 

+  0.84 

-0.42 

1.00 

22  51.3 

7,7.7.7. 

57.30 

+  0.25 

48.50 

18.45 

+  0.05 

+  0.33 

-0.10 

0.60 

23  15.9 

57.32 

7,7.  It) 

+  0.22 

45.69 

45.22 

+  0.47 

+  0.2f. 

+  0.14 

0.60 

23  22.0 

44.94 

44.49 

+  0,15 

+  0.20 

1.00 

10  16  47.1 

61.30 

61.40 

-6.10 

35.19 

35.80 

-0.61 

+6.48 

-0.57 

1.00 

17     1.2 

01.03 

60.80 

+  0.23 

37.34 

38.20 

-0.S6 

+  0.79 

-0.86 

1.00 

17  18.2 

60.50 

60.43 

+  0.07 

41.13 

40.14 

+  0.00 

+  0.61 

+  I.00 

1.00 

19  17  31.3 

55.95 

56.63 

-0.68 

54.85 

56.26 

-1.41 

•  -0.26 

-1.13 

1.00 

17  46.4 

55.71 

56.30 

-0.59 

54.48 

55.51 

-1.03 

-0.17 

-1.09 

1.00 

18     2.9 

55.44 

56.11 

-0.67 

53.90 

53.56 

+0.34 

-0.25 

+  0.29 

1.00 

18  28.5 

55.00 

56.23 

-1.23 

52.66 

52.35 

+  o..",l 

-O.S5 

+  0.24 

1.00 
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The  assumed  elements  for  the  computed  places  are  ti  • 
i/0=192.41  forDec.  1.0  G.M.T.    The  resultii  -  veight. 


J./ 
28.437 


+  5.786 
15.499 


-   0.583 

+  12.360 

15.417 


[m»6]     36.55 
[»»]        36.21 


-    0.913 

-13.124 
59.239 


-  0.424 
+11.119 
+  13.940 
-49.419 
61.023 


-     0.225 
~      1.769 


+11.898 
-13.538 


The  following  corrections  and  corrected  eli 


JJ  0973  ./ 

IN     -0°.2129  ±  0  .2196                                     .V 

J«0     +0  .8672  x  0°.2231 

Jr0     +C.0081  ±  0".041  I 

£     -0°.6227  x  0M266 

v     _0°.3730  ±  0°.1226 

r,   =  ±  0°.4701    or  o\i'f ;.-.:; 

Observations  oi    Phobos,  1894-    O.  S.  Naval  Obseri  ltoby.—  Browx. 


17    is      to  .220 

Di   .  1.0  G.M.T. 
•oil 
210  .90 
0.01267 


Wash.  Mean  Date 

p° 

Corr. 

W.M.T. 

8" 

Wt. 

c  — O 

• 

s.Jp' 

j«' 

?P 

V. 

h        in 

m 

a 

1.33 

a 

Oct.      1 

12  59.5 

13  24.0 

55.28 
50.1  1 

f-0.17 
+0.1  1 

L3 

11.5 

28.49 

4-0.16 

2.00 
0.33 
1.00 

+0.12 
-0.18 

- 

• 

G 

11    L6.5 

11    10.:, 

241.56 
234.18 

-0.11 
-0.14 

11 

30.5 

28.13 

0.08 

1.50 
1.00 
1.33 

-o.i,:; 
+0.43 

-0.32 

-  0.28 

-0.26 

11 

10  14.0 
10  30.5 

56.04 
53.13 

*  0.04 
+0.05 

10 

23.0 

29.78 

•  0.06 

2.00 
1.33 
0.67 

-0.10 

-o.7s 

+0.06 

-ii.ll 

-0.04 

Sat.  very  ,: 

14 

11  10.0 
11  33.0 

232.74 
226.85 

-0.01 
-0.02 

11 

21.5 

29.40 

1.00 
0.67 
1.33 

-0.24 

-0.03 

Paint 

15 

9  31.5 

241.74 

-0.02 

9 

13.5 

27.43 

-0.03 

2.67 

-    1  o| 

r 

9  54.0 

235.62 

0.02 

1.33 
1.33 

+0.17 

+0.01 

_-e  good  aiul 
rllent 

15 

10  31.0 
10  52.0 

226.42 
220.60 

-0.02 

-0.03 

10 

11. o 

26.97 

2.67 
1  33 
0.67 

-0.14 
-0.47 

0.08 
-0.21 

17 

8  11.0 
8  35.5 

231.08 
223.99 

+  0.01 
0.00 

8 

23.0 

■  0.07 

1.33 
0.67 
1.33 

-0..;.-. 

.  I,  1,1 

0.52 

-0.12 

faint 

IS 

10     3.0 
10  21.0 

66.72 
59.82 

0.00 
0.00 

10 

13.0 

25.80 

-0.03 

2.67 
1.33 
L.33 

-0.12 

+0.16 

+  0.11 

'.lent 

18 

10  55.5 

11  11.5 

52.02 
16.82 

0.00 

o.oo 

11 

3.5 

29.34 

2.67 
1.33 
1.33 

-0.62 
-0.19 

! 

'.lent 

18 

11  52.5 

12  13.0 

33.73 
20.40 

o.oo 
o.oo 

L2 

3.0 

19.04 

•  0  L3 

2.67 
1.33 

1.19 

l  07 

+0.24 

-0.20 

I  lent 

L2  23.5 

13.80 

o.oo 

L.33 

-2.30 

planet 

10 

9  10.5 

63.36 

+0.01 

9 

19.5 

27.42 

2.67 

-   oil 

tine 

9  28.5 

57.72 

+0.01 

1.33 
1.33 
2  67 

20 

8    4.5 

65.41 

r-0.01 

8 

12.5 

26.40 

+0.06 

- 

8  19.0 

58.77 

+  0.(11 

1.33 
1.67 

20 

'.i     3.5 

17  68 

■  o.Ol 

9 

1. •:.:. 

oil 

9  23.5 

12  7s 

+0.01 

1.67 

"> 

10  L7.0 

10.00 

o.oo 

0.42 

SO 
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\V;isii.  Mean  Date 

/' 

U.M.T 

- 

(    ..IT. 

Wt. 

C 

8.  Jp" 

-0 

i 

Remarks 

li       m 

Oct.    24     8  29.0 

230.66 

o.oo 

8  39.5 

28.64 

+0.06 

L.33 

+0.22 

0.15 

+  ((.17 

0.36     r • 

8   19.0 

225.22 

0.00 

(Mi7 

+  (1.04 

•  0.13 

9  35  5 

206.28 

0.00 

0.67 
L.OO 

0.59 

0.02 

:;i     8   12.0 

232.87 

0.02 

8  53.0 

27.91 

0.00    1.50 

|  o  L0 

-0.13 

t  0.38 

-0.41     Poor 

9    3.6 

226.88 

0.03 

1.00 
L.33 

+0.37 

1  0  11 

Nov.     1    ll   21.0 

55.38 

0.02 

1  1   32.5 

28.02 

-0.0.".    2.67 

1  0.70 

0.18 

+0.75 

-(Ml 

Fine  seeing 

11    13.0 

50.00 

0.03 

L.33 

0.16 

t  0.09 

The  assumed  elements  of   the  orbit   were 


./  38°.012 

N  is  .in: 

u  50°.37  Oct.  L8.0  G.M.T. 

r  L2".930 

n  1128°.84425 


The  computed  places  and  the  coefficients  of  the  equations  of  condition  were  computed  from  Marth's  formulas. 
The  normal  equations,  using  the  weights  assigned  in  the  above  table  (the  first-  number  in  the  lines  having  two,  corre- 
sponding to  Hi |uation  iii  i>\,  are 


50.7049 


[»;/](! 


+  34.9937 
36.7362 


7".  15 


0".249 


J.l 

+   52.8743 

+  28.1750 

139.0327 


+   0.6638 

+   2.54S9 

-   3.9065 

64.0204 


+  10.1136 
+  5.5432 
+  11.4695 

+    9.0717 
26.6661 


J.".. 

0.4881 

l.ssll 

'-'.(10  IS 

28.8121 
3.4118 

159.3352 

[«w] 


+  19..-.02.-, 
+21.0320 
+  .-..I. -.21 
+  11.6097 
+  8.6920 
+  10.1839 
-   23.3-1 74 


Their  solution  gives  the  following  corrections  to  the  elements  assumed  and  the  corrected  elements  referred  to  the 
mean  equator  and  equinox  of  the  Epoch  Oct.  18.04  G.M.T. 


-/»„ 

-0' 

.1565 

± 

0' 

.074 

"o 

49°.68   ±   0°.330 

/JN 

-0' 

.4717 

± 

0' 

.((71 

A 

45°.95   ±   0°.327 

I.I 

+  0' 

.1269 

± 

0' 

.028 

J 

38  .58   ±   0M25 

£ 

-  0' 

.1652 

± 

0' 

.034 

a 

12".845±   0".021 

V 

—  0" 

.1741 

± 

0' 

.052 

TV 

223°.51    ±10°.  4 

la 

—  0' 

.0852 

± 

(»' 

.021 

C 

0.00907    ±   0.00171 

Oct.  18.0  G.M.T. 


Lick  Observatory.  —  Phobos,  1894.  —  Campbell. 


Oct. 


c-  o 

C  — o 

<:.  M.  Date 

Obs.  p 

Comp.  p 

s.Jp" 

r" 

G.  M. 

Date 

Obs.  p 

Comp.  p 

s.  Jp" 

»' 

t,      .-.20  51.3 

71.02 

71.15 

+  0.05 

-0.15 

Oct.    12 

21  .".7.4 

0,2.06 

62.15 

+  0.04 

-0.18 

."..-..7 

69.00 

69.05 

+  0.02 

-0.14 

40.4 

00.90 

61.20 

+0.11 

-0.10 

9  21  34.2 

231.4J 

231.54 

+  0.07 

+0.34 

43.2 

59.85 

60.34 

+  0.24 

+  0.04 

37.3 

231.20 

230.76 

-0.23 

+  0.0.-, 

22    0.0 

55.23 

55.70 

+  0.24 

+  0.12 

22  11.5 

222  09 

221.39 

0.32 

+  0.10 

2.3 

54.60 

55.09 

+  0.25 

+  0.15 

1  1.9 

•  ,..j  22 

220.1T, 

-0.43 

+  0.07 

51.9 

42.55 

41.66 

-0.41 

+  0.02 

35.7 

213.27 

211.62 

-o.oo 

+  0.0S 

50.2 

41.37 

40.65 

-0.33 

+  0.16 

40.5 

210.92 

209.00 

-0.65 

+  0.08 

23    0.5 

39.78 

38.08 

-0.48 

+  0.09 

44.3 

209.49 

206.60 

-0.93 

-0.17 

10 

22  40.7 

219.75 

217.93 

-0.78 

-0.22 

.    10  23  37.5 

63.19 

63.63 

+  0.20 

-O.03 

43.1 

•J  IS.  72 

216.97 

-0.73 

-0.15 

40.8 

01.84 

62.53 

+  0.32 

+  0.10 

46.7 

217.22 

215.48 

-0.70 

-0.11 

45.1 

60.90 

61.18 

+  0.13 

-0.08 

23    2.9 

210.28 

206.90 

-1.12 

-0.42 

n°-4<;t 
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Oct. 


Nov. 


25  lo  48.6 
50.3 

16  50.1 
52.0 
57.7 
59.3 

17  42.1 
13.9 

19    5.1 

11.1 

27  1  7  6.4 

8.9 

L2.2 

18  16.3 
49.9 
53.7 
57.4 

19  1.5 

20. 1 

2  14  45.9 
50.5 

is  10.2 
13.4 

19  6.7 
10.9 


Second  Set. 

<  lbs.  j>         Comp.  p 

61.50 
60.95 
13.44 
12.81 
40.80 
40.22 
14.60 
12.69 


62.51 
62.37 
44.31 
43.65 
U.59 
41.09 
10.17 
17.05 
257.40 

252.76 
251.18 
249.34 
220.24 
218.98 
217.65 
216.10 
21  1.31 
202.76 
71.44 
69.89 
267.91 
263.97 
240.04 
238.59 


:■>■'.. 'i 
252.07 
252.13 
250.92 
249.47 
219.13 
217.69 
216.04 
214. ::7 
2U'.:;.-. 
200.06 
70.47 
68  16 
266.62 
263.15 

239.06 

.,..-  -- 


c— o 

S.J  jl" 
MIS 

-0.67 
0.40 

n:;.-, 
-0.38 
-1.21 
-1.12 

-0.57 
-0.24 
-0.10 
+0.06 
-n.47 
-0.53 
0.68 
0.67 
-0.73 
-  0.78 
0.38 
-0.58 
+0.37 
+0.25 
+0.46 
+0.39 


Tim: ii   Set. 


Nov. 


-0.38 

0.57 

+  0.23 

•  0.25 

•  0.36 
+0.35 
+  0.35 
+0.49 

0.17 
-o.o.-. 
I  0.28 
+0.37 
\  0.51 
-o.lo 
-0.13 
-0.27 
-O.2.-. 
-0.28 

0  23 
-0.34 
-0.54 
+  0..-.1 
+  o..-,i 
-0.16 

0.1  l 


6  22    3.0 

253.26 

251.67 

"..V,. 

-0.02 

7.8 

250.95 

249.50 

ii  56 

-0.07 

o  I.".    3.S 

7.-..  14 

7:;.  10 

0.72 

-0.60 

7.4 

73  86 

71.38 

-0.72 

0.61 

.-..-..1 

7.1.17 

7.1.47 

0.00 

+  O.OS 

59.0 

53.16 

53.32 

+  O.07 

4-0.17 

Hi  2  1.:. 

16.30 

15.30 

-0.43 

-0.17 

27.7 

I  Ml 

44.18 

0.10 

-  0.18 

17     :...-. 

28.75 

26.58 

-0.67 

+0.23 

L1.5 

25.10 

22.:;  1 

-O.70 

+  0.20 

13  I.',  28.2 

236.71 

236.69 

-O.Ol 

+  o.os 

31.1 

234.93 

235.42 

■  0.21 

+  0.27 

16    5.3 

211  23 

224.98 

0  31 

+  0.27 

8.7 

222.69 

22:;.  70 

•  0.45 

•  0.40 

11)  r.7.6 

ll.ll 

ll.Ol 

nir, 

-  1 1  n 

2o    0.8 

13.80 

42.86 

ii  38 

0.06 

11  13  13.4 

252.80 

252.53 

-o.oo 

•  0  is 

17.o 

250.31 

1 1. 1 :, 

■  ...;:. 

15  12.:; 

200.21 

206.80 

-0.72 

0.69 

lo  34.3 

27.7  1 

r>  e  .  > . , 

-0.7:: 

+  0.1   | 

37.6 

25.53 

22.87 

-   "71 

+  O.10 

21  40.3 

246.78 

245.10 

0.66 

-o.:;.-, 

11.7 

21  1.59 

243.48 

-0.45 

0.16 

58.6 

239.83 

238  80 

0  l  1 

0.29 

22     o.o 

239.16 

237.70 

-o.c.2 

22  13  18.1 

236.22 

236.40 

+  0.07 

1  0.15 

51.2 

234.98 

235. 10 

+0.17 

+  0.2:; 

17  2:;.;; 

60.39 

61.11 

+  0.27 

+0.34 

20.0 

58.93 

59.91 

■  n  i  i 

II. 0 

53.61 

7.1.12 

+  0.32 

0  ii 

.-.o.:; 

19.36 

10. -.7 

1-0.08 

is    ::.;; 

47.86 

IS. IS 

-'  0.26 

•  0   1  1 

18.3 

43.64 

13.54 

.Mil 

5 
Obs.  «         Comp.  8 


Oct 

o  il   17.0 

29.81 

10.  1  I 

-0.37 

-0.40 

55.7 

28.92 

28.61 

-0.31 

-o.is 

:.o  0 

is. 17 

28.10 

-o.l7 

22     1 . 1 

27.63 

27.50 

-0.13 

+  0.17, 

7.0 

27.36 

-0.14 

21.7 

24.51 

24.16 

1 1  1 

23.98 

23.60 

+0.10 

20.0 

■::\:z  I 

23.17 

2 

10  1 

11.00 

22.40 

-I...-,.. 

1 

30.7 

■sj.:u: 

22  00 

-0.36 

+  o.i.-, 

lo  23  lo.l 

21.22 

21.84 

22.  i 

2l.or, 

22.35 

-0.16 

I.",..". 

■n.  1 1 

23.10 

+0.15 

20.:; 

23.74 

23.98 

-"11 

-o.ll 

32.9 

24.39 

11.70 

-o.o] 

12  11    17..-. 

-SUM 

+  u.l4 

10  | 

28.40 

IS.  10 

51.8 

28.66 

28.76 

+0.10 

+0.04 

54.0 

29.04 

-0.05 

■ 

56.3 

29.13 

10.11 

+0.08 

23  i".;; 

21.37 

20.02 

. 

11.0 

20.81 

10.7.7. 

-1.26 

+  O.H.S 

23  5 

10.7:; 

lo.l.-. 

-1.58 

. 

25.0 

20.05 

18.74 

-1.31 

■jc. 

19.73 

-1.:::; 

+  o.o:: 

is  5 

19.06 

17.77 

-    1   10 

+  o.o7 

30.9 

is.  17 

17.oo 

-1.47 

-0.12 

33.2 

17. si 

16.46 

34.8 

17.11 

S 

16.01 

-1.40 

Oct. 

1.-.  1  5  7. 1  7 

27.84 

27.73 

-o.ll 

3 

59  l 

28.30 

28.20 

-0.10 

10      1.1 

-0.07 

28.84 

0  1  I 

+0  11 

L3.1 

28  97 

-Mil 

■ 

18.2 

10  7." 

29.03 

-0.47 

: 

...,  j 

10.11 

29.00 

-0.42 

10.1 

29.50 

-o..;:; 

-0.10 

31.9 

29.30 

28.60 

0.70 

i 

37.2 

10.07 

is.  10 

-0.15 

11.2 

28  11 

27.4  7 

—0.95 

17    6.7 

24.94 

23.77 

-1.17 

\ 

11.2 

24.02 

22.81 

1.21 

1  1  s 

23.42 

11.  Mil 

-1.42 

18.2 

11.00 

21.21 

ll.l 

21.93 

20.42 

1..M 

24.6 

11.17 

-1.51 

■ 

17  s 

20.22 

I  -  85 

::■::> 

L9.08 

17.01 

-l.lt 

35.9 

is  lo 

16.77 

I    12 

38.7 

17.:;i 

If.. 07. 

27  17  54.0 

17  90 

is    i.,; 

-"11 

. 

12.3 

28.31 

28.54 

27.76 

+0.31 

-  i.  23 

27.28 

27.53 

25.73 

l.".  81 1 

12.5 

•j:,  i.i 

17..  lo 

10    6.9 

20.02 

10.07. 

88 
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Si.,  OND 

Si  i        Cont. 

C      c 

Q    M.  Date 

Obs.  8 

( lomp.  8 

J*' 

<M  *27    L9     ll'.'l 

L9.01 

L8.92 

0*09 

L6.1 

L7.92 

17.68 

0.24 

Nov.    2  1  1  58.1 

24.38 

24.45 

t  0.07 

15  L6.5 

26.66 

26. 7  1 

+0.08 

24.6 

27.59 

27.31 

0.28 

34.5 

28.05 

27.6,1 

0  l  l 

10 .1 

28. 1 5 

27.59 

n.7,1 

15.3 

28. 1 8 

27.44 

-D.74 

50.0 

27.90 

27.21 

0.69 

If,     1.5 

26.84 

25.91 

0.93 

8.8 

26.37 

27,.. '16 

-1.01 

IS    1S.I 

L6.79 

18.52 

+  1.73 

22.6 

L7.89 

L9.49 

+  1.60 

19  L6.5 

26.98 

27.38 

f  0.40 

V21.1 

27.12 

27.7,1 

+0.42 

26.8 

27.24 

2  7.  .V.I 

I  0.35 

33.7 

27.20 

27.17, 

+  0.27. 

10.1 

26.79 

27.15 

+  (1.36 

16.9 

26.63 

26.62 

+0.01 

Third  Set. 

Nov.    6  22  15.4 

2  5 . 7  2 

26.49 

+  0.77 

54.7 

25.78 

26.68 

+  0.00 

9  L5  14.4 

21.79 

22.26 

+  0.47 

26.5 

24.04 

24.02 

-0.02 

37.1 

25.19 

25.1  1 

-0.07, 

15.7 

25.84 

27l.7:i 

-0.11 

k;   6.2 

26.36 

26.03 

-0.33 

L6.1 

26.10 

25.38 

-0.72 

17  16.8 

16.95 

17,.  19 

-1.76 

19.8 

16.40 

1  1.7,1 

-1.86 

10  14   19.3 

26.29 

27,.  72 

-0.57 

15    1.2 

26.17 

27,.  77, 

-0.42 

18  40.5 

25.16 

27,.  7  2 

+  0.56 

19.0 

25.30 

25.74 

+  0.44 

58.1 

25.13 

25.43 

+  0.3O 

*Doul>lr  weight. 

Thud 

Set—  Cont. 

0— c 

v." 

(J.  M 

Obs.  a 

Com],.  8 

J.s 

+  0.12 

Nov.  io  io    i ;".';» 

21.01 

24.82 

+  0.1S 

+  0.04 

0.03 

i:;  17,  36.7 

24.73 

25.06 

+0.33 

0.10 

-0.02 

17,  13.4 

21.71 

25.01 

+  0.27 

-0.07 

+  0.17 

7,1.7, 

2  1.12 

24.71 

+  0.19 

0.05 

0.07 

7,0.0 

23.96 

2  1.20 

+0.24 

+0.09 

ii  09 

19  36.8 

25.63 

24.86 

-0.77 

0.24 

0.10 

II. 1 

25.31 

24.47 

0.84 

0.20 

—0.21 

50.2 

24.94 

24.03 

0.91 

0.18 

-0.09 

1  1   !.",  7,1.1 

20.80 

21.62 

1  0  32 

O.MJ 

-0.10 

1  1     2.6 

21.93 

22.73 

+0.80 

0.09 

-0.13 

33.1 

24.30 

24.81 

+  0.7,1 

+  0.06 

+  0.33 

3S..S 

24.52 

24.81 

+0.29 

0.06 

+  0.23 

45.0 

24.53 

2  1.00 

+0.13 

-0.08 

-0.12 

7,0.1 

24.29 

24.42 

4  0.13 

-  0.10 

0.01 

15  17.7- 

16.22 

17,00 

—0.26 

—  0.02 

+  0.01 

51.5* 

15.02 

15.16 

+  0.1  1 

+  o..-,7 

0.00 

18  23.2 

25.08 

24.77 

-0.31 

+  0.07, 

.+0.20 

20.3 

27,.  10 

2  1.77, 

-0.41 

+  0.04 

-0.o7 

34.2 

27,.  16 

21.0,3 

—0.53 

-o.ol 

19  42.0 

16.19 

14.79 

-1.42 

-0.07 

11.7, 

L5.58 

1  1.17, 

-1.13 

+0.21 

+  0.20 

49.7 

14.58 

l.'Ml 

-  1.17 

+  0.1  1 

+  0.41 

21  18,1 

IS.  17, 

18.91 

+0.76 

-0.38 

+  0.41 

27,. 3 

19.30 

20.20 

+  0.90 

0.17 

o.oo 

28.6 

19.83 

20.70 

+  O.S7 

-0.16 

+  0.08 

34.3 

20.77, 

21.64 

+  0.89 

-0.06 

+  0.12 

22  11.1 

24.31 

24.72 

+  0.11 

-0.05 

+  0.21 

18.1 

24.58 

21.73 

+  0.15 

o.L'o 

+  O.I  IS 

13  7,7,. S 

22.20 

22.83 

+  0.63 

+  0.23 

-0.36 

1  I    3.5 

.,•<  •»] 

22.7  1 

+  0.7,:; 

+  0.24 

-0.47 

17  33.4 

22.SS 

22.10 

-0.39 

0.19 

-0.26 

38.8 

23.01 

22.69 

-0.32 

-0.05 

-0.05 

18.2 

23.  IS 

22.77 

-0.41 

0.02 

+  0.08 

51.6 

23.27 

22.7:; 

-0.54 

-0.12 

+  0.07 

18    8.4 

22.01 

21.02 

-0.72' 

-0.05 

+  O.II7, 

12.0 

22.30 

21.02 

-0.68 

-0.05 

N,,n mm.  Equations.  —  Lick,  1894. 
First  Set  (to  Oct.  16,  inclusive).     I. 


JJ                   J.v 

Jh„ 

1 

;, 

83.0474         +18.9368 

+20.8105 

-   1.0736 

-14.1  127 

46.3843 

+  15.7077 

-  8.5432 

-18.6316 

64. 1348 

+  1.4870 

-15.2061 

[nn\  6     1".30 

19.1862 

+15.6033 

[W]       r.2<..  _ 

68.6337 

±  o".m; 


9.8497 

-    0.21  Sll 

1.9542 

+26.2907 

20.3883 

+  32.:;is:i 

0.0107 

-    0.2H70 

22.3586 

+    8.01  ISO 

96.1998 

-18.0713 

[ '"  "  ] 

25.1831 

Second  Sir  (Oct.  25  bo  Nov.  2  inclusive).     II. 


62.0290 

+  15.0003 

+  19.5O0O 

-   5.0283 

-  3.17,:;:; 

+    16.1706 

+  6.4o:;4 

41.0320 

+  40.220,:; 

+   3.0775 

+  8.7173 

-   15.2178 

+  28.70(17 

63.0342 

+   3.0548 

+  20.4707 

-  31.1547 

+40.5055 

[«.»]  6 

3" 

.72 

23.8361 

+  24.7481 

-     8.2114 

+  13.5636 

[»»] 

3" 

.93 

86.1605 

-   29.4387 

+  40.7790 

'•i   ± 

0' 

.1589 

184.1954 

-28.40SO 
41.2315 

N°-  467 
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76.5093 


+15  3136 
26.7954 


[»n]6     5".19 
[iw] 

r,    ±   0".1793 


/./ 

+0.1249 

X 

0.013 

.LY 

-0.3538 

± 

0.043 

K 

-0.3682 

± 

0  037 

^ 

+0.1419 

± 

0.042 

V 

-0.3103 

± 

0.019 

a 1 

_  0.0220 

± 

0.016 

Third  Sex  (Not.  6  to  22 

-J''  r  i 


III. 


+  29.0416 

+27.4338 

16.3418 


-   6.22]  1 

+■   7.6539 

+   4.6304 

23.8038 


+  4.2320 
+  7.7425 
+  11.0455 
+14.4689 
63.5689 


IIlM  LTS    of    SOLUTION. 
II 


f  0.2300 
4-0.0584 
0.5798 
-0.1684 
-  0.381  I 
-0.0036 


0.024 
0.056 
0.047 
0.041 
0.025 
0.014 


da 

7.2365 
1.4694 
7.6365 
L.2408 
7.1632 


+   0. 

-  1  1 

+10. 

+31. 

_    2. 

3L 

Ill 


f-0.0506 
0  275] 

0.15]  l 
0.3022 


2711 

1704 
1463 
7178 
7460 


0.022 
0.042 

0.040 
0.022 
0.013 


A 


Oct.  11.8 
./  38°.57 
46°.48 
4S°.74 
294  .08 
0.01314 
12".908 


Cokbei  ted  Elements 

II 


Gr.  Mean  Date 


±   0°.O58 

±    0  .192 

±   0M65 

x   6°.80 

1    0.00191 

±   0".016 

Computed 

Observed 

C  — O 

V 

P 

.•«■.  Jp 

28  : 
38°.24 

48  .7:' 
243  .38 
0.0103 


0  .099 

0°.184 

0°.159 

6    27 

0.00105 

0".013 


Pl„ >bos,   L896. 


Gr.  M.T. 


Comp. 


U.S.  X.ww    Observatoey  —  Beown. 


Dec. 


9  15  44.3 

11    13  54.8 

16  38.0 

16  15  9.0 

15  34.5 

28   L5  3.9 


7.7.11        58   !2 

56.29 

238.77      237.26 

58.64        59.67 

7,7.17       59.22 

233.13      231.35 


0.46 
-0.15      -0.10 
+  0.57      +0.77) 

-6.37      +6.02 

-0.51 

hO.67       r-0.62 


16  0.3  19.46 

L6  I.I  17.64 

16  18.8 

17  10.3  22.75 
17  22.3  21.81 
15  50.0  22.2] 
15  1  La  18.18 


III 


39  .11 

± 

0  .1".-, 

± 

17    71 

± 

246    19 

± 

0.01612 

± 

0.0010 

± 

0".O14 

- 


19.40 

-0.14 

17. 11 

22.79 

".11 

+0.09 

• 

21.18 

21.69 

17.-J7 

+0.71 

1.00 
1.0(1 
1.00 
1.00 
1.00 

LOO 


L 

1  K    1  IBSEEV  \  l"l:\ 

3 

Nov. 

28  22 

59.6 

I'll  MM, 

-  0.04 

r-0.12 

L'L'  59.6 

22.99 

-0.05 

1.00 

23 

16.9 

239.83 

I'.".   16.9 

22.01 

Dec. 

4   16 

25.0 

239.27 

240.34 

6.46 

6.27 

16  25.0 

22.37 

-0.34 

1 

LOO- 

16 

41.:; 

238.93 

239.68 

0.16 

16   II.:: 

-0.41 

LOO 

17 

1.:: 

238.52 

238.60 

17     1.3 

22.40 

17 

17.  'J 

238.13 

0.08 

0  11 

17   17.'.i 

20.56 

20.92 

19 

7,1.7, 

7,'.  i.7  1 

l'.t  7,1.7, 

19.97 

19.25 

LOO 

20 

1.2 

59.49 

61.90 

'Jo      1.2 

21.33 

20.67 

20 

17.1 

59.19 

61.28 

0.65 

20    17.1 

22.57 

21.20 

10    17 

14.9 

238.67 

238.77 

0.04 

•  0.1  I 

17    11.:' 

21  94 

is 

2.2 

237.98 

238.75 

0.3] 

23.12 

19   17, 

7,(1.7 

238.44 

238.67 

1.-,  50.7 

LOO 

16 

II 

237.49 

1-0.24 

If,     II 

21.52 

16 

19.6 

236.54 

235.90 

+  0.1'.-, 

16  19.6 

<• :.  I 

16 

35.3 

235.55 

■::\:,.:\:: 

•  ,,  I  I 

21.70 

22  1" 

16 

51.6 

234.43 

234.32 

+  0.0] 

20.24 

17 

7,1 

.   . 

1 

1-  28 

18.23 

90 


THE     ASTRONOMICAL     .lOl'KNAL. 


N°  467 


Gr. 

Mean  1  >ate 

( lomputed 
P 

( observed 
P 

c  —  O 

8,  Jp 

B 

Gr. 

M.T. 

i  omp, 

a 

Obs. 
« 

c  — o 

I 

Wfijjlit 

L ii  k  (  Ibsi  k\  \  roll's 

Hi  SS 1  \  . 

Dec. 

i 
20  L8 

I.VI 

r.7.7'.» 

57.40 

H  0J  l 

h0.51 

19 

omi 

21.82 

2L69 

1  0*13 

0.28 

1.00 

L9 

52. 1 

52.99 

53.02 

0.01 

+0.09 

1.00 

o.7o 
1.00 

21    1  1 

L7.9 

236.04 

236.81 

-0.30 

-0.17 

1  1 

22.1 

21.78 

21.72 

+  0.06 

+0.12 

1  1 

26.5 

21.63 

21.70 

0.07 

0.06 

1.00 

1  1 

42.2 

•jo.  17 

20.36 

+  (».ll 

—0.04 

1.00 

11 

47.0 

19.93 

19.64 

+  11.29 

+  0.12 

1.00 

1  1 

51.9 

233*30 

233.96 

-6.22 

6.30 

15 

3  1 

17.42 

17.42 

0.00 

-((.17 

l.oo 

15 

8.1 

16.58 

16.34 

+  H.24 

+0.04 

LOO 

L5 

12.2 

15.76 

15.38 

+0.38 

+0.18 

L.OO 

15 

17.1 

1  t.67 

14.54 

+  0.13 

-ii.ii.-. 

l.oo 
0.50 
1.00 
0.70 
1.00 

\ 

15 

23.8 

229.70 

229.09 

+0.1  1 

-0.02 

15 

21.7 

L3.67 

13.50 

+  0.12 

0.00 

17 

i.-..: 

CO. Ill 

62.27 

-0.66 

-0.15 

17 

21.9 

18.08 

17.9.-; 

+0.15 

-0.40 

17 

52.0 

7,7.1  1 

58.15 

-0.38  . 

-0.02 

17 

L'S.  1 

19.10 

19.23 

-0.13 

-0.66 

1.00 
0.70 
L.OO 

IS 

7.4 

56.02 

56.97 

-0.37 

-(t.06 

18 

20.2 

21.41 

21.42 

-0.01 

-0.08 

is 

29.8 

20.65 

20.35 

+0.30 

+0.13 

l.oo 

18 

52.3 

17.55 

17.7,(1 

+0.05 

-0.09 

l.oo 

18 

.-,7.7, 

52.00 

7,2.72 

-6.21 

+6.46 

L9 

1.9 

15.71 

15.57 

-0.06 

-0.22 

l.oo 

20 

5S.3 

240.94 

241.25 

-0.08 

+  0.08 

21 

7.7 

17.42 

18.50 

1.00 

21 

31.3 

237.78 

238.16 

-0.15 

-0.02 

LM 

40.1 

21.30 

21.51 

-6.15 

+  0.10 

1 .22 

LM 

50.0 

21.70 

21.73 

+  0.03 

+  0.18 

1 .22 

21 

57.1 

21.81 

21.54 

+  0.27 

+  0.44 

1 .22 

22 

17.9 

20.77 

20.87 

-0.10 

+  0.45 

1.22 

The  assumed  elements  are  : 


J 
X 


3S°.46 

47°.39 

100°.60 

12".95 


Dec.  O.o  G.M.T. 


The  equations  of  condition  were  given  the  weights  assigned  to  the  respective  observations  in  the  above  table, 
all  observations  except  a  few  of  Hussey's  position-angles  having  weight  of  unity.  The  resulting  normal  equations 
and   corrections  to  elements  are  given  below  : 


o.J.T 

54.539 


+21.936 
27.665 


r.Jn, 

+    .",..-,77, 

+  16.349 

19.546 


-  1.828 
+  6.370 
+  6.613 

60.844 


-  0.482 

-  11.405 

-  14.311 
.  70.630 

125.396 


-  0.130 

-  S.289 

-  10.217 

-  22.752 
+  39.779 

106.781 


+  7.O10 
+  1.423 

-  1.262 
+  12.402 

-  7.622 
+  3.203 

12.147 


rom  which 

JJ 

_0".1895 

±   0".040 

JN 

+0M076 

±   0".080 

.  hi 

+  0".0157 

±   0".040 

Aa 

-0".0549 

±   0".O22 

$ 

_0".4033 

±    O".047 

i) 

-0".1381 

±   0".034 

[«w]  6 


373.02    ±  0°.1S4 

47°.S7    ±  0°.367 

230°.56   ±  0M86 

12".S'.l.-,±  0".OL'2 

19S°.91    ±  5°.0 

0.03305   ±  0.00370 
±0".214 
7".02 
6.99 


CONTEXTS. 
Orbits  of  the  Satellites  of  Maks  from  Observations  made  at  the  U.S.  Naval  Observatory  and  the  Lick  Observatory, 

1894-6,  by  Stimson  J.  Brown. _^_^ 

Published  ih  Boston,  tri-monthly.  by  S.  C.  Chandler.    Address.  Cambridge.  Mass.    associate  Editors.  Asaph  Hall  and  Lewis  Boss. 
Price,  S5.00  the  Voluuk.    Press  of  tiios.  P.  Nichols,  Lynn.  Mass.    Entered  at  the  Post  Office.  Boston.  Mass..  as  second-class  matter.    Closed  Aug.  ,. 
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OBSERVATIONS    OF    NKW     AM) 
SOUTHERN 

By  E.  T. 
(Communicated  by  Dr.  David  Gill,  C.B.,  etc 

I  forward  herewith  some  results  of  observations  of  Vari- 
able stars  made  here  since  1896.  The  greater  pari  "I  tin' 
working  catalogue  was  originally  taken  from  lists  forwarded 
from  time  to  time  by  Professor  J.  C.  K apikvn  arising  out 
of  his  work  on  the  Cajie  Photographic  Durchmusi 
Some  stars  have  been  added  from  Dr.  Chandler's  Third 
"Catalogue  of  Variable  Stars,  and  a  few  are  new. 

Dr.  Gill  has  arranged  that  the  observations  arc  to  bi 
printed  in  full  detail  in  the  Annals  of  the  Cape  Observa 
tory. 

110.     S  Tucariae. 
C.P.D.  —02-28.        01'  17'"  1CK9     ,     —  62°  22'.0        (1875) 

The  variability  of  this  star  was  announced  from  the 
Harvard  Observatory  in  Astr.  Nachr.,  No.  3299,  July,  L895. 
Observations  from  October,  L898,  to  March  17,  L899,  indicate 
a  maximum  of 

9".l  about  Feb.  26,  1899. 

The  curve  is  very  flat  at  maximum.  No  color  noticeable. 
There  are  several  faint  stars  so  near  that  when  the  variabil- 
is under  L0.5  visual  magnitude,  identification  is  difficult, 

but  the  star  has  been  followed  below  10". 

140.      T  Sculptoris. 

C.P.D.  mi.        0h23m2».S    ,    — 3S°  35'.9       (1^7:.) 

A  fair  maximum,  8M.6,  was  secured  about  L898  Oct.  24. 

We  also  ha\  <■ 


OLD    YAIMAI'.U-:    STAJRS    IX    THE 
EEMISPHERE, 

A.    INXES. 
II.  M.  Astronomer  at  the  Cape  of  Good  li 

1018.      A'  Horologii.       * 
C.P.D.  nil        -    19    W        .        50   23  .7±       (1875) 
A  minimum  of  about  10*.25  occurred  on  Jan.  21,  1899. 
When  too  near  the  sun  for  further  observation  on  M 
1899,  iIh-  in:  i.l  risen  to  7.3.     Color  =  7.3. 

The  curve  is  very  flat  at   minimum,  with  a  rapid 
towards  maximum,  e.g.  : 


S.I 

1872  No\ 

9 

Cord.  Z.C. 

8.5 

1889  Noa 

25 

Cord.  DM. 

8.0 

1897  .Ian. 

L".t 

Cape. 

These  are  fairly  well  represented  ly  a  period  ol  206.3 

days. 

In  the  7-inch  refractor  tin-  star  is  invisible  at  minimum 
lor  about  one  month.      The  form  of  the  light-Curve  SU 
that  the  minimum  is  about   ll».7. 


8.6 

1899  May  lo 

Ml 

1L' 

7.3 

19 

C.Z.  l"'ir>47. 

C.P.D.  — 51°354.        -    56°  52      .        51    8'.2        I    - 

See  C.P.D.,  Vol.  I.     List  on  page 93,  No.  1. 

An  interpolated  maximum  occurred  about  April  1."..  1899. 


We  also  have 

M 

8.5 

1872  Dec.   23 

C.Z. 

9.2 

1887  Nov.  i".i 

C.P.D 

S.l 

1V.PX  .1;,,,.     :".» 

7. 'J 

Sept.    5 

Cape 

A  period  of  218.4  da_\s  is  fairly  exact. 

In  the  7-inch  this  star  is  invisible  for  6  or  7  weeks.     The 

rise  and  fall  of  this  star  form  much  the  same  sort  of  curve, 
an  even  one.  The  extrapolated  minimum  would  be  about 
I  L».5.      Colo,-  =  -l.o. 

I'M         -1    1019. 

C.P.D.       21  ''.'.'I.  :      .      —21°  24  .V 

\     pointed  out  by  Professoi  lunm  (A.K. 2987)  this 

star  is  variable. 

Observations  were  begun   too  late  this  year  to  determine 
its  period,  which  can  oul\   be  a  lew  hours. 
'  The  range  is  from  '.'" ."  to  10 

I  nt  i   furl  ations  are  secured,  a  :• 


'.t2 
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already  made  will  suffice  to  show  the   rapiditj   of   light- 
chani  e 

9J  1899  Feb.  26 

LO.O  I  eb.  27  „    ,„ 

9.7  May    2  S.T.    9     I 

9.3  2  1"     1 

'.i.l  2  10  26 

The  three  last  observations  were  recorded  as  good. 

1803.     T  Leporis. 
C.P.D.  nil.        4>'  W"  31-    ,    — U-2  4'.4        (1875) 

Doubtful  maxima  were  recorded  about  as  follows: 

s':\        1897  Dec.     1 
7.7         1898  Nov.  L5 
These  with  the  epoch  of  Chandler's  Third  Catalogue 
ami  Thome's  observation, 

8".75         1886  Oct.  27 
indicate  a  period  of  365.25  days,  but  there  are  inequalities. 
( lolor  about  7.3. 

Although  very  difficult  to  see  at  minimum,  it  is  never 
quite  invisible  in  the  7-inch. 

1850.     S  Pictoris. 
C.P.D.  — 48°()09.        5h7"':V75    ,     — 48°39'.6        (1S73) 

The  only  visual  observation  of  this  star  that  is  on  record 
was  made  at  Cordoba  on  Dec.  29,  1873,  but  it  appears  on 
r,  Cape  Photo  Plates  between  Nov.  22,  1887,  and  Nov.  19, 
L895,  and  on  8  Arequipa  Plates  between  Sept.  28*  1892, 
and  Nov.:..  1894. 

It  has  been  invisible  in  the  7-inch  for  the  past  few 
months. 

A  preliminary  discussion  of  all  the  recorded  apparitions 
furnishes  a  period  of  423  days. 

C.P.D.  Plates         1887  Nov.  22  and  29  9.0 

1S90  Feb.  19  9.1 

C.deC.  Plate         1893  Dec.     8  KM 

Chart  Plate            1895  Nov.  19  12  ± 

Gilliss  P.Z.  4019.     (In  no  other  Catalogue.) 
7h  7"'  53s     ,     —  72-  4S'.9        (1S75) 

This  star  is  in  a  list  of  stars  contained  in  Catalogues  of 
Precision,  but  not  found  on  the  C.P.D.  Plates. 

Gilliss  remarks,  "Red,  and  sharply  defined."     8M.0. 

It  is  about  2'  s.f.  Cilliss  P.Z.  4616,  which  Gilliss  calls 
"  Blue  and  nebulous."     SM.2. 

I  looked  up  these  stars  on  Jan.  13,  1899  :  —  Both  stars 
seen  ;  No.  461  6  is  about  7M.5,  and  is  yellow  =  4  on  Chaxd- 
Lek's  scale,  and  well-defined.  So.  4619  is  faint,  say  10M.6. 
There  is  a  12M  1'  N.  of  it. 

It  is  therefore  evident  that  Gilliss  must  have  focussed 


on    the   red    star,  ami    by  extreme  contrast   the  neighb 

yellow  star  appealed  blue  as  well  as  being  oul  oi  I 

Gilliss  P.Z.  4619  has  brightened  from  10". 6  on  Jan.  31, 
1899,  to  9". 35  on  May  25,  and  it  is  now  losing  brightni 

II". 55  on  June  .'!.  1899. 

It  is   the   reddest   star    I    have   seen,  say    9.0    on  CHAND- 

ler's  scale,  ami  will  probably  never  be  photographed. 
C.P.D.  -411681. 

7h  42m  41-.1     ,     — 41c  4'.0         (1876). 
This  remarkable  star  is  No.  8  of  a  manuscript   "Lisl  of 
Suspected    Variables"  forwarded  to  this  Observatory   by 

Professor  Kaitkvn    on    August  27,  1895,  but  which  only 
came  into  my  hands  on  February  last. 
Of  this  star  Professor  Kaitkyx  says  : 


C.P.D.    Plate  1046 

1887  Dee.  1 7 

9.3 

1055 

Dec.  21 

9.3 

2662 

1890  May    9 

9.3 

2667 

May  10 

10.2 

No  defect  in  the  film  of  Plate  2667,  nor  in  the  image  of 
the  star  can  be  detected." 

I  secured  37  observations  between  Feb.  14  and  March  22. 
1899,  and  39  between  April  23  and  June  7,  1899.  All 
these  observations  are  well  represented  on  the  supposition 
that  this  star  is  an  Al</<>l-variab\e,  period  12.91  days.  The 
minima  recorded  are 

h       m  m 

1899  Feb.    14         Cape  Sidereal  Time  .    .  10.5 

Feb    o:  «  «  «  <    5  49       (  10.4 

Feb-   "'  I   7  53       <  10.6 

Mar    1"  «  "  "  ■!    6    'S       1  ,"'- 

Mar'  v-  I    7   111        ,  lo.:: 

(  10  22       \    9.5 

(  11  44       \    9.65 

«  "  «  11  31  10.7 


May  13 
May  28 


The  descent  and  ascent  would  seem  to  be  sudden,  but 
further  observations  are  required  at  the  time  of  minimum, 
which  must  now  be  left  over  until  the  star  rises  at  sunset. 
That  this  star  is  an  ^4^?oZ-variable  seems  quite  certain,  and 
if  correct,  this  will  be  the  longest  period  one. 

A  minimum  was  secured  on  June  10,  viz. : 


Cape  Sid.  Time 

Dape  Sid.  Time 

h       m 

M 

h       m 

11       7 

10.75 

13  49 

10.2 

11    27 

10.65 

13  57 

10.1 

12  11 

ID.7 

14     9 

10.0 

12  43 

L0.65 

14  11 

9.9 

13     0 

10.45 

14  14* 

9.9 

13  30 

10.3 

14  22* 

9.85 

13  41 

10.3 

14  28* 

9.85 

•  Mar  low. 

The  middle  time  was  probably  passed  before  the  obser- 
vations commenced.  If  we  assume  that  the  number  of 
periods  since  the  C.P.D.  Plate  was  taken  (1890  May  10- 
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1899  June  10)  to  be  257  and  the  interval  to  be  :;:;]  7  • 
the  period  will  be 

12  906    i  0  -"'ii 
The  visual  range  of  magnitude  is  from  9".5  to  10".7. 


C.P.D.  -23°4672. 

9h  39m  16»,3     >    _2;.°  26'.7        I 
SeeAstr.  Nachr.,  Nbs.3426  and  :;447. 
No  actual  maximum  of  this  star  has  been  seen.     When 
lost  in  the  sun's  rays  lasl  year  (Aug.  I,  1898,)  it  u 
proaching  a  maximum.     On  drawing  a  curve  through  the 
plotted  observations  to  that  date  it  looks  as  if  Aug.  5,  1898 
would  be  about  the  actual  epoch,  and  comparing  the  curve 
of  1898  with  that  drawn  from  recent  observations  a  period 
of  about  340  days  is  indicated.     Using  the  date  of  thi 
C.P.D.  Plate  showing  this  star,  viz.  : 

8\75         1889  May  23 

and  the  assumed  maximum 


8>'.G 


iv. is    \,i. 


the  interval  is  33G1  days.  This  suggests  division  by  L0, 
and  a  period  of  about  336  days. 

It  will  be  some  time  before  the  descending  curve  can  be 
drawn.  The  ascent  to  9". 7  is  steep;  there  is  a  rest  of 
about  a  month  before  9". 5  is  attained,  after  that  the  ascent 
to  8M.G  takes  about  20  to  30  days. 

This  star  is  invisible  for  4-5  months  at  minimum  in  the 
7-inch  refractor. 


C.PD.  -031243. 
— <;::-  L7'.9 


(1ST:,) 


9><  54™  50" 

A  new  variable. 

In  the  C.P.D.  this  star  is  recorded  as  9".9.  It  was  in- 
visible on  Feb.  17,  26,  1899.  At  first  sight  it  looked  like 
an  error  in  the  C.P.D.,  as  there  was  a  star  of  about  9*.6  at 
9b  55m  438±,  — C3°  17'.2±,  which  was  not  recorded  in  the 
(.MM).  Professor  K.u'tkv.n  kindly  re-examined  thi  I 
and  found  both  stars,  the  pr.  star  being  the  brighter.  It 
is  therefore  undoubtedly  variable,  and  is  now  under  regular 
obsen  ations. 


Ma\    Id 

9.5 

L899  Ma\  26 

9.5 

11 

9.45  red 

31 

9.6 

14 

9.5 

June  3 

9.6 

P.) 

9.55 

6 

9.7 

C.P.D.  -53  3515. 

in''  10"'  35*    ,     —58     51   5        -i-T.M 
Announced  as  variable  by  Professor  Kapteyh 
Nachr.  No.  3389, 


Visual  observations : 


1899  Feb.  I'll 

9.1       red  =  7 

26 

9.15 

.Mar.  1  7 

9.5       red  =  7.5 

21 

9.55 

Ma;     11 

1  L.O  1  diffic 

27  <P»  j  when  so  faint 

Cor.  P.M.  -27°7724. 

(1875) 
v.t  in  C.P.D.  See  A.N.,  ffo.  ;44i. 

A  maximum  of  this  variable  was  undoubtedly  secured  at 

Cordoba  as  follows  : 

SM.2         1886  Mar.  4 
Here  we  have 


poor 

fair 


8.3  1897  Apr.   20 
8.45         1898  Mar.  30 

8.4  L899  Feb.   23 

All  these  observations  are  suited  by  a  peril  >d  of  i     - 
In  the  7-inch  the  star  is  visible  for  6  mos. ;    the  curve  is 
fairly  even  both  rising  and  falling  —  there  is  perhaps  a  little 
halt  in  falling,  but  it  is  uncertain  at  present.     The  a] 
the  curve  is  very  sharp,  so  that  maxima  should  In- determined 
closely. 

1056      BS(    itauri. 

lib  ],-,„,  ,»    j     _61o  ui        (].: 

Xut  in  C.P.D.         Found  by  Mrs.  Fleming. 
1  picked  up  this  star  accidently  on  Mar.  20,  1898,  when 
it  was  8".5,  reddish  ;    it  was   then   rapidly  losing   light. 
Further  observations  yielded  maxima  on 


L898  A.ug.  16 
L899  Feb.   15 


8.7 


an  interval  of  182  days. 

From  Mar.  20  to  Aug.  L6,  L898  is  onlj    L48  that 

ild  appear  that  on    Mar.  21,  1898  the  maximum  had 
been  passed  by  •"•!  days,  but  it  is  more  probable  t: 
period  has  inequalities. 

In  the  7-inch  the  star  is  invisible  for  about  a  month.     I 
rise  and  fall  are  both  rapid.     The  curve  seems  tobeirregu- 
lar  at  maximum,  probably  however,  due  : 
vatioi       C 7. 

Cord.  P.M.  -32  831  I.     8 
11"  -11"-  21'.7     ,    — 
This  star  does  qo!   occur  in  the  (.'.P.P.     It 
variab  age  from  8".9  to 

1  b's  -.ale. 

1 i  minima  (which  are  the  more  strongly  marked 

J  on 

ISMS     A..! 

L899  Mar.    l:; 
May      l 
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These  indicate  a  period  oi  53  days,  bat  the  u dance  of 

all  the  observations  is  boo  indifferent  to  make  this  determi- 
ii   much  weight. 

1935.     RTCentauri. 

II1"  2'    ,    —86    14'.2        (1875) 
The  following  maxima  have  been  secured  ben 


[nterval 


8.1 
8.9 

7. '.I 
8.2 


247  'lavs 

.-.111'  .lavs 

243  days 


L896  Aug.  25 
1897  Apr.  29 
L898  Sept.  L3 
L899  .May  I  1 

Hence  an  average  period  of  24S.0  days  will  represent  the 
observations  very  well. 

This  star  is  generally  visible  at  all  parts  of  its  curve  in 
the  7-inch.  It  was.  however,  invisible  at  the  minimum 
which  occurred  about  Sept.,  1897.     Color  =  7.5. 

6.  A.  13441. 

14"  4'"  22U     ,     —28°  IT'.O        (1ST.".) 

This  star  does  not  occur  in  the  C.P.D.  [see  C.P.D.,  Vol.  1, 
p.  75].  At  present  the  maxima  evidently  take  place  when 
the  star  is  too  near  the  sun  for  observation,  as  on  each  of 
the  following  epochs  the  brightness  of  the  star  had  been 
increasing  and  further  observation  was  impossible  : 


9.0 


1898  Oct.      7 
IS'. 1 7  Sept.  24 

1896  Oct.     1 


O— c 

(I 
-3 
-13 


Also 


8.75 
8.0 


Cordoba 
Argelander 


-45 


0 


1S79  June  29 
1S51  May  20 

Assuming  that  Abgelaxder's  observation  was  made  at 
a  maximum  and  that  the  period  is  368.3  days,  the  discord- 
ances  axe  as  in  the  last  column. 

No  mention  has  been  made  of  color,  hence  the  star  is 
probably  whitish,  but  recently  when  bright  enough  for  color 
observation  it  has  been  too  near  the  sun. 

This  star  is  invisible  for  several  months  in  the  7-inch. 
The  curve  is  not  regular,  but  if  the  above  period  is  fairly 
approximate  it  will  be  about  30  years  before  the  rise  to  and 
fall  from  a  maximum  can  be  fully  secured. 


15h  26'"  58= 


Lac.  6417. 

5     ,     —49°  i 


(1875) 


This  variable  has  a  double  maximum  and  minimum,  bul 
the  full  period  being  about  510  days  further  observations 
will  be  required  before  all  its  peculiarities  are  known. 


Rec<  nt  obsei  i  at a  indicate 


[nferior  min. 

8.1 

is1. i7  May 

24 

( Ihief  max. 

6.9 

Sepl 

~ 

min. 

L0.8 

1898  Mar. 

LO 

I  nferior  max. 

7.1 

July 

20 

[nferior  min. 

8.5 

Oct. 

L5 

( Ihief  max. 

7.3 

L899  Jan. 

25 

Let  us 

assume 

Chicd'  max.  to  chief  min.  =  120  days 

Child  lain,  to  infer. max.  —  205  days 
Infer,  max.  to  infer,  min.  =    90  days 

Inter,  min.  to  chief  max.  =     95  days  ! 


Total 
510  days 


This  would  show  that  the  Cordoba  observations  of  1877.57 
were  taken  at  an  inferior  maximum  ;  those  of  Aug.-Sept.. 
1876,  at  a  chief  maximum,  the  observation  of  Aug.  5,  1876, 
at  an  inferior  minimum,  and  the  Cape  and  Cordoba  obsen  a- 
tions  of  June,  1876,  at  an  inferior  maximum.  Further  ob- 
servations will  show  if  these  conclusions  are  correct.  The 
color  is  about  7.5. 

5752.     RZScorpii.     (A.J.  No.  414). 

15"  57'"  8'    ,     —23°  45'.2        (1875) 

Not  in  the  C.P.D. 

Maxima  have  been  secured  as  follows: 


8.3 

189(i  May 

20 

poor 

8.0 

Oct. 

10 

poor 

9.2 

1897  Aug. 

26 

fair 

8.8 

1898  July 

6 

good 

8.4 

1899  May 

17 

poor 

Introducing  the  Cordoba  Zone  observation 

8M5         1873  June  13 
as  a  maximum,  all  the  observations  will  be  fairly  represented 
by  a  period  of  155  days. 

A  fair  minimum  =  10"  was  secured  on  July  28,  1896, 
but  the  star  is  generally  invisible  at  minimum  in  the  7-inch. 
Color  =  6. 

Porter  2769. 
Hi"  41'"  43'    ,     —10-  14'.3        (1875) 
The  variability  of  this  star  is  indicated  in  Vol.  1  of  the 
C.P.D.,  page  93. 

The  star  has  been  observed  here  since  May,  1S98.  Max- 
ima were  secured  as  follows : 


8.5 
8.0 


1S9S  Julv  25 
1.899  May    3 


and  it  may  be  assumed  that  the  following  observations  were 
near  the  maximum  : 


9.2 

8.5 


1888  Oct.    22 
1886  dune  18 


C.P.D. 

Porter 


X"   168 


1  II  K     A  S  T  B  0  X  0  M  I  C  A  L     J  0  0" BS  A  I. 


A  period  of  277  days  is  not  inconsistent  with   these  obser- 
vations. 

At  minimum  the  star  is  invisible  in  the  7-inch. 
=  5  orange. 

C.P.D.  -35  7270. 

17h  39"1  5G\0    ,     —35°  39'.  1        (1875J 

The  variability  of  this  star  has  recently  been  ami" 
(A.J.  No.  464). 

Maxima  were  recorded  on 

18  July  24        9*2 

1S99  Apr.  30         9.0 

These,  with  the  C.P.D.  observation  of  Nov.  :l.  1890,  indicate 
a  period  of  2S2  days. 

The  minimum  magnitude  recorded  so  far  is  about  10.6. 

Color  =  <;. 

6901.     BY  Sagittarii. 

19"  S"'  24'    ,     —33°  44 '.4        <!• 

In  1898  June-Nov.  this  star  was  invisible. 
In  1S99  we  have 

May  19  8.6 
May  27  S.7 
June    G         9.0 

This  star  has  no  simple  period,  indeed,  so  far  there  is  no 
trace  of  any  period  whatever.  Color,  white,  perhaps  yel- 
lowish, perhaps  reddish  (3  obs.). 

7122.     SPavonis. 
r."   II     89  .3     ,     —59°  S0'.9 

This  star  is  C.P.D.  -59  7544;   mag.  =  9.2. 

i  Observations  indicate  a  very  pi. oily  determined  maximum 
of  about  7M.5  about  Nov.  I.  L898. 

By  Dec.  13,  1898,  it  had  faded  to  8".3,  and  on  May  27. 
1899,  it  was  8U.7.     Color  =  7.3. 

7495.     SIndi. 

20     IT     :      .     —54      IT.'.' 

This  star  is  C.P.D.  —54  8772;  mag.  8.6.  tl  is  remarked 
in  a  foot-note  that  the  star  ap  ■  y  2  of   I  pi 

\  ood  maximum  was  secured  on 

L898  Nov.  1 
No  i       ii  ecorded. 

Royal  Observatory,  Cap<   of  Good  II 


21h  19'"  19'     ,     — 30°  23.4 
-      C.P.D.,  Vol 
A  gi  i  d  maximum  was 

•  Oct   27         8M 
Color  =  7.0. 

termine  the  period  we  have 

1895  Nov.    7         8*5 

1897  Aug.  20         7.9         Cape  and  West  (mean) 

and  the  mean  of  Argelander's  two  obsen  ations  June  30, 
1849.     These  are  all  beautifully  satisfied  by 
217.1  days.     Both  rise  and  fall  are  rapid,  but  there  is  a 
halt  before  the  minimum  is  attained.     At  minimum    the 
star  is  just  visible  in  the  7-inch,  say  about  11".5. 

8040.     S  Gruis. 

25       -      _j      .         19     4.:;         (1875) 
This  star  does  not  occur  in  the  C.P.D.     It  is  reddish  in 
color.     Observati'     - 


1898  Sept.  23 

:  5 

28 

8.0 

Oct.    22 

8.5  reddish 

Nov.     1 

8  '.i  red  =   7.5 

29 

9.8 

Dec.     l 

9.8 

13 

10.5 

L'o 

10.3 

31 

11.0 

:..    15 

11.5 

2  1 

inv.  (undei 

May     3 

in  v.  (good  obs.) 

The  period  is  about  108  days. 

$8      /;  r-   ■ 
Equal  to  C.P.D.  -50  11883;  mag.  9.0      - 


Observations : 

1898  0 

15 

M 

7. 1  color  =  7 

.... 

or  =  6 

10.0 

D» 

1 

10.0 

1  l 

10.5 

20 
31 

10.6 

L899 

1.-. 

11.5 

2  1 

inv.  (<10.0) 

\  n  ith  the  a] 

1872,  1884,  l  ss'.'  a  mina- 

ilue. 
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NOTKS   ON    VARIABLE   STARS,  — No.  29, 

Bi     HEiVR'J     M.    PARKHUHST. 


Exclusion  of  Extremes.     Phol trie  observations  are 

peculiarly  Liable  bo  exl  ra\  a  janl  error  I  com  annol  iced 
clouds  ;  which  may  be  s;  J  rom  affect- 

ing the  remaining  observations  bj  adopting  the  principle 

of  the  exclusion  of   extre s.     In   determining   the  sky 

value,  or  line  standard,  instead  of  adopting  the  weighted 

of  .ill  the  several  extinctions,  equal  weights  maybe 

rejected   from  the  two  extremes.     This  principle  seems  to 

me  a  satisfactory  mode  of  preventing  al rmal  errors  from 

affecting  the  final  results. 

Smoothing  the   Curve.     When  two   adjacent  discordant 


.it ions  are  separated  by  a  long  interval  from  ti. 
or  following  observations  of  the  series,  the  light- 
curve  will  be  less  affected  by  a  pos  ibli    inaccuracy  if  the 
discordance  is  divided  between  them  before  smoothing  the 
curv  e. 

U  Arietis.  The  intervals  for  the  last  two  periods  have 
been  37  I  and  352  days,  showing  a  progressive  diminution  of 
20  days,  Eollowing  the  like  increase  before  noted  \A.-i.  103  . 
which  bad  continued  for  three  periods  prior  to  my  series. 
No  apparent  explanation. 


N 

i; 

ESt) 

is  of  Observations. 

Observed  Date 

No. 

Star 

Phase 

Julian 

i  lalendar 

K 

Corr. 

W 

Mag. 

Factors 

Remarks 

in.", 

T  Andromedae 

Max. 

4578.2 

l-'l.    .|;i 

Oct.    15 

9 

+  31 

9 

8.69 

0.79  0.89  20d 

419 

V  A iiilm mi  ,l,i, 

Max. 

4. 581 

Oct. 

18 

4 

-  4 

7 

9.93 

2.0 

3.0     54 

From  elements  A.  J.  431 

166 

r  Piscium 

Max. 

1633 

Dec. 

9 

40 

+  2 

5 

11.17 

1.(1 

1.7     26 

513 

1!  Piscium 

Max. 

1623 

Nov. 

29 

34 

+   4 

9 

8.67 

0.94 

1.89  31 

782 

I;   [rietis 

Max. 

4611 

Nov. 

17 

63 

+  11 

7 

8.39 

1.44 

1.32  28 

(857) 

-  Ceti 

Max. 

4606.0 

Nov. 

12 

80 

+  0.2 

6 

9.01 

0.23 

0.34     8 

a 

a 

Max. 

4641.2 

Dec. 

17 

82 

+  0.6 

6 

S.77 

_ 

_       _ 

a 

it 

Max. 

1675.6 

Jan. 

20 

84 

+  0.2 

6 

8.61 

_ 

_       _ 

Period  17.414  days 

906 

R  Trianguli 

Max. 

4572 

Oct. 

9 

11 

—   7 

8 

5.96 

0.73 

H.77  17 

976 

T  Arietis 

Max. 

4662 

.Ian. 

7 

30 

+  23 

9 

8.22 

1.75 

3.25  33 

Fluctuating 

1113 

U  . [rietis 

Max. 

4612 

Nov. 

18 

6 

+  31 

6 

7.58 

1.46 

3.14  65 

See  note  above 

1166 

X  Ceti 

Max. 

1675 

dan. 

20 

4 

-   3 

9 

9.60 

1.82 

0.93  IS 

From  period  A.J.  438 

1577 

R  Turn-; 

Max. 

1579 

Oct. 

16 

41 

-  8 

1 

8.80 

- 

_ 

u 

« 

Max. 

1632 

Dec. 

8 

41 

+  45 

1p 

7.1 

- 

_ 

From  a  single  observation 

L582 

STauri 

Max. 

4676 

Jan. 

21 

38 

-48 

8 

9.S0 

9.0 

.0.0     34  j  Curve  too  flat  for  accuracy 

1717 

V  Tauri 

Min. 

4659 

Jan. 

4 

57 

-   4 

3 

- 

- 

—       70    Interpolation  by  factors 

1805 

V  Orionis 

Max. 

4706.2 

Feb. 

20 

11 

+   2 

9 

9,07 

1.37 

1.84  31 

One  observation  only  in  1897 

2013 

V  Aurigae 

Max. 

4587 

Oct. 

24 

7 

-12 

2 

8.51 

2.0 

- 

Subtangent  process 

2266 

\ '  Monocerotis 

Min. 

1682 

Jan. 

27 

18 

+  19 

4 

- 

- 

- 

Assumed  midway 

2478 

I!  I.;/ in- is 

Min. 

I7H1 

Feb. 

15 

24 

-58 

3 

12.85 

2.8 

2.8  175 

Confirms  corrections  of  last  year 

2528 

I!  Geminorum 

Min. 

1690 

Feb. 

4 

31 

-35 

1 

12.1 

- 

-       - 

Very  uncertain 

2625 

V  Gem  i ii,ii-ii in 

Max. 

4661 

Jan. 

6 

25 

+   7 

5 

8.57 

0.79 

0.98     7 

2684 

S  (  'mi.  mill. 

Min. 

474(1 

Mar. 

26 

40 

+  54 

9 

11.42 

1.43 

1.10  28 

2689 

Z  Puppis 

Min. 

1730 

Mar. 

16 

- 

- 

1 

10.54 

- 

- 

Periodicity  not  yet  established 

2690 

X  Puppis 

Max. 

464(» 

Dec. 

16 

- 

- 

1 

8.2 

- 

- 

Highest  observations 

2691 

T  Can.  min. 

Max. 

4756 

A  pr. 

11 

33 

-31 

3 

11.5 

- 

- 

Imhyidual  Observation 

Including  Observations  by  Arthur  C. 


103  T  Andromedae. 

(Cont.from431.  Comp.Sta  i    346 
Julian     Calendar      Mag. 

4546.5  Sept!  13    10.2 


4553.5 

20 

9.65, 

4554.5 

21 

9.65s 

4560.5 

27 

9.49. 

4564.5 

Oct.      1 

9.32 

4572..-. 

9 

8.96, 

157i'>.5 

13 

8.57, 

1580.5 

17 

8.51, 

103  TAndrom.  —  Cont. 
Julian     Calendar       Mag. 

1585.5  (vt."i'2      9.01., 
1590.5  27      9.16s 

1595.5  Nov.     1      9.11, 

1 1  '.i  U  Andromedae. 

Cont.trom43J  Comp. Stars  431) 

1569.5  ■OctTS   6      9.8 

1572.5  9     l(l.l)5„ 

4576.6  13      9.86„ 


419  U  Androm.- 
Julian     Calendar 

1898 

4580.5  Oct.    17 
4606.5  Nov. 
1625.5  Dec. 
4651.5 


12 

1 


-Cont. 
Mag. 

10.00., 
lo.o'.f. 
1 0.352 
10.9 


466  U  Piscium. 

(I  ,,nt  from 431  Comp. Stars 431) 

4625.5  Dec."   1    11.38., 
4631.5  7    11.14., 


I'ERRV. 

466  U  Piscium. 

-  Cont. 

513  B,  Piscium.  — 

-  Cont. 

Julian     Calendar 
4638.5  Dec.*6  1  1 

Mag. 
11.21., 

Julian     Calendar 

1898 

1630.5  Dec.     6 

Mag. 
8.92, 

1651.5            27 

11.48 

4532.5               S 

S.4p 

513  R  Piscium. 

(Continueil  from  138. 
1898 

4596.6  Nov.    2    10.53 

4609.5  15      9.63., 

4614.6  20      8.70. 

4638.5             14      8.77., 
4647.5             23      9.10„ 
4654.5             30      9.41" 

782  B  Arietis. 

(Continued  from  43S.) 

1624.5            30 

8.64,, 

4596.6  Nov.     2 

8.83„ 

N°-4C8 
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782  ft  Arietis.  - 
Julian    Calendar 

1898 

4600.6  Nov.  6 
4609.5  15 
4615.5  21 
4625.5  Dec.  1 
4631.5  7 
4632.5      8 


Cont. 
Mag. 

8.49. 
8.50, 
8.40, 

8.87, 
8.96. 
8.94. 


(857)  -  Ceti. 

Cont.from438.  Comp. Stare 377; 


4601.6  Nov.  7 

4605.6  1 1 

4608.5  14 

1609.5  15 

4638.5  Dec.  14 

4639.5  15 

4640.5  16 

4642.5  18 

1899 

4673.5  Jan.  18 

4674.5  19 

4675.5  20 

4676.5  21 


97(1  TArietis. 
Julian     Calendar 

1662.5  Jan."  7 

4669.6  1  1 
1677.5  22 
4690.5  Feb.     4 


Mag. 

s.. •;•_'„ 
8.13. 
8  19, 
8.65. 


9.9-1 

9.09, 

9.1  0, 

9.56, 

8.93, 

8.91, 

8. 

8.81, 

8.87„ 
8.89 
8.611 
8.81." 


1113  V  Arietis. 

(Cont.from  438.  Comp.Stans314) 
1896 

4575.6  Oct.  12 
4596.6  Nov.  2 
460!).5 


906  R  Trianguli. 

(Continued  from  438.) 

1898 

4563.6 

Sept 

30 

6.22„ 

4564.6 

Oct. 

1 

6.02, 

4569.6 

6 

6.46., 

4572.5 

9 

5.40s 

4575.5 

12 

6.35a 

4583.5 

20 

6.54, 

4587.6 

24 

6.36, 

97 

!  T 

riet 

's. 

(Cont.from  403.  Comp.Stare  103 

1896 

1630.5 

Dec. 

6 

8.23 

4631.5 

7 

8.68, 

1633.5 

9 

8.22s 

4639.5 

15 

8.18 

1642.6 

18 

8.55 

4653.5 

29 

8.12s 

4615.5 
4630.5 
4635.5 
4642.6 
4653.5 

4662.5 

4669.6 


Dec. 


15 

21 
6 
11 
18 
29 

1899 

Jan.     7 
14 


9.6 

8.03. 

7.61s 

7.44, 

7.88 
7.862 
7.90„ 

s:;| 

8.06. 

S.L'l. 


1166  X  Ceti. 

(Continued  from  438.) 


4625.5  Dec. 

4633.5 

1639.5 

1640.5 

4650.5 

4653.5 

189! 

4656.5  Jan. 

1663.5 

4673.5 

4675.5 

1677.5 

1680.5 

1682.5 


10.11 

9.69, 
1(1.12., 
9.78, 
9.71 
L0.09, 


L582  S  Tauri. 

(Continued  froi 
Julian     Calendar      Mag. 

1635.5  Dec.    11 
1653.5  29 

1899 

4657.5  Jan.     2 

1665.5  10 

4673.5  18 

1687.5  Feb.     1 

1690.5  4 

1694.5  8 

1713.5  27 

1724.5  Mar.  10 


L2.3 

1"  I 

9.78 
9.87 


2266  V  M 

[(  ont.from  i.;-.i  omp  Btan  4")    Julian     (  alendai 

11 
1 


Julian    Calendar 
1640.6  Di 

1690.5   I 

1715.5   -Mar. 

1743.5 

1748.5  Apr. 
:(.'.iL'    1755.5 
9.76,  1760.6 
9.74, 


11.2 


11.7 
11.5 
L0.58 


2  178  /.'  Lyncis. 


1700.5 

471 5.5   M  ir. 
1724.5 
1728  5 
4744.6 

L0  25    1~>"..";  Apr. 
10.05,  1755.5 
10.09,  1760.5 

177--, 


1717    V  Tain-}. 
(Continued  from  433.) 


1625.5  Dec.     1 
1635.5  11 

1899 

4690.5  Feb. 

4695.5 

4700.5 

i7i.;..-, 


9.91 

,.  ,,  .  I  ontlnued  from  441.) 

1600.6  Nov.     6    10.70 
1638.6  Dec.  14    11  8  ' 

L8M 

1775.6  Apr.  30    11.5 


10.71, 
11.31, 
L0.62, 
11.22, 
11.78, 


4 
9 

U 


10.14„ 
11.3  ' 

11.21, 

10.13. 

t.93 

9.54, 


1S05  V  Orionis. 

(Continued  from  403.) 
1897 

L  0.5 


9.81 


9.81 


4200.7  Oct.     2 

1898 

4640.5   Dee.    16 

1899 

KlH2.il  Jan.     7 


9.51 
9.51 


i  1690.5   Feb. 
-■  4694.5 
471  1.5 

9-69,4719.6 
9.88 


1577  J!  Tauri. 

(Continued  froi) 
1898 

1579.5  Oct.    16      8  80 

4587.6  21  9.23, 
1596.6  Nov.  2  9  32 
1632.5  Dec.     8      7.1c" 

29  L1.0 

Jan.     2  10.26 


4724.5 
4728.5 


12.4 

10.07. 
0.71 
9.53 
9.03, 
9.21. 
0.17" 
9.42s 
9.46 


2528  /■'  G<  in  in or >i in. 

tied  from  350.) 

3930.6  Jan.     5    11.7 

3980.6  Feb.  24    12] 
1015.5  Apr.  30     L0.9 


1286.5  Dec.  27 

1896 

1423.5   M  ■■     13 


12] 
9.4 

11.1 


1638.6  Dec.  II 

1899 

1775.6  Apr.  30    10.61, 


If,;.: 
1657 


2013  V  Auriffae. 

MUM-, I  in  ID]  as. 

4590.6  on. 
1598  c>  Nov. 
1600.6 
461  1.6 
1635.5  Deo. 


8.53. 
8.59 
9.67J 
9  L6 
9.63, 


2625   V  Gi  minorum. 

(Continued  from  441.) 

4642.6  Dec.    18       9.5 

1899 

1657  6  Jan.     2 

1662.5  7 

1665.5  10 

1(109.5  1  1 


2689  Z  Puppis 

I  mil. fn. 

|f,::s.7   Dec.    1 


1640.7 
1642.7 


16 
18 


1662.6  Jan. 

1673.6 

icon. 5  Feb. 
4700.5 
1715.(1   Mar 
1730.5 

1747.5  Apr.     2 

1748.6  3 
1774.6 


10.0 

10.2r 

10.1 

9.61 
L0.06 
10.04, 

10.54, 
10.45, 
10.2p 


i   I 

(Cont  from  441  ■ 

1640.7  Dec.   L6 

1899 

4662.6  Jan.  7       8.74, 

g  ;-0    1748.6  Apr.  3      • 

vis    1774.6  29 
-  67 

■  ■IS. 

Continue  I  firon 

268  1  S  '  'an.  minoris. 

Com. fr.nn  HI  Comp.StarsMll 

Kiio.5   Dei      L6      9.6 
9  96 


1642.6  L8 

1899 

1662  (i  Jan.     7 
L696.5   Feb.   11 


L0.57 
L0.78 


1642  6  D  L8 

1750  5 

1756.5  11 

1772.5  27 

May  4 


11.6 

11  63, 
1 1 .5 1 " 
12.09; 
11.8 


COMPAKISOK    Si  lbs,    1893    1899. 


Star 

i ; 

If 

1  // 

A' 
L 

1  L 
X 
P 

Q 
ft 

s 

T 

W 

1  z 


513  ft 
DM. 
+2°207 
+2°227 
+2°204 
+  3    199 

+2°229 
+3°205 
I  I  269 

+2  217 
+  1°271 
+  2  21(1 
i  2  22 1 
+2°224 
+  2°22.'i 
+2°226 
1 5/,  Q 
4«3/  T 
In&p   T 


Pisci 


Mag. 

7.29 
7.15 
7.(15 
7.63 
8.14 
8.98 

9.K1 

9.21 
9.16 
9.18 

9.09 

9.49 
10.21 
10.40 
10.29 

lo. so 

10.  ss 


1 

3 

30 

■  i 

1 

2 

26 

;_> 

15 
k; 
13 
3 
10 


f82  R  Arietis. 


Sta  r 

2C 

IF 

2/ 

J 

X 

R 

m; 

•_'// 
/' 

IT 
r 
W 

1  w 

X 
V 

I  ) 
z 


DM. 
+  23°297 
+24  325 

+  2:;  293 
+23  29d 

+  23  295 

+24  322 

+  2  1  318 
4  21  319 
+23  301 

+  2::  306 
+  21  .".2  1 
t  2  1  316 
+  21  323 
+  21  334 
+  21  :i27 
+  21  331 


Mag. 
5.63 
6.42 
6.36 
7.05 
7.CI 
7.83 
7.9.1 

S.I  I 

8.06 
8.34 
8.20 

8  ir. 

8     III 

8.55 
9.07 
9.47 

9.57 


1  I 
3 

11 


lic.d   S 


Star 
G 

I. 

V 

1  O 

x 

i  \ 

2A 

z 

\z 

■:z 

■i 

u 

n 


,/    7 


DM. 
2  604 

2  607 

1  173 
1  178 
I  171 
I  171 
I  176 
1  170 
2nf  2.V 
I2sl2/P 

5n9/l.Z 

n:\r-JX 
- 
lOn      Z 


Mag. 

9.25 
'.K'.'W 
9.(17 
9.(11 

L0.36 

9.9  1 

9.94 
10.27 

\<v:, 
10.19 
L0.94 
L0.84 
10.90 
11.39 
11  is 
11.11 


I 

11 

I 

1 

10 

30 

I 

1 

6 
o 

3 
6 

I 
I 


2(125    /    ' 


Mar 
// 
/ 
2/ 
M 
// 
/' 
V 
V 

z 
\z 
■iz 
zz 


DM. 

L641 

^  13  1637 

;  663 

1 655 

•  13  KUo 

L652 
1639 
L654 
1649 

•  1.:  1650 

L648 
L659 


Is 


:  67 
: :- ' 
7.90 

11.01 
11.84 
12.60 
13.07 


6 

3 

(i 

1 

13 

12 
1  I 

I 
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PARABOLIC    ELEMENTS   OF  COMET    L898  \  III. 

Iiv  ROGER   SPRAGUE. 

Eli  m 
T  =   Sept.  20.073795  Gr.  M.T. 

=     22  30  27.3") 


Froii  rvations  of  Mi.  Hamilton,  1898  Not.  23, 

and  1899  Jan.  29, and  Strassburg,  1899  April  I,  1  havi 
puted  the  following  elements  of  Cornel  1898  \'1II.     The 
Mi.  Hamilton  observations  were  kindly   furnished  to   the 
Students1  <  (bservatorj  by  mail.    Thi    5tra 
was  taken  from  the  Astron.  Nachr.  aftei  applying  a  slight 

correction  to  1  be  feduc toapp  irenl  place.     In  order  to 

secure  the  greate  I    lc<  in  the  elements,  especially  in 

7'  ami  o),  the  final  values  were  derived  by  Professor  Leusch- 
m  r's  differential  formulas  (Beitrage  zttr  Kometenbahnbe- 
stimmung,  pages  -S-29.) 


1898  99  r.<»Ml  M.T. 


App. 


App.  8 


Obsns. 


Nun.  23  17  8  11 
Jan.  29  8  29  28 
April    I       9  11  34 

University  of  California,  Students'  Observatory,  1899  July  11. 


Hi  21    18.07 

+23  36 

6.5 

Lick 

11     9  25.60 

+  34     0 

35.  i 

.Lick 

10  A  1    1  L.62 

+  37  33 

7.1 

Strass 

a  = 


•'■'  -"    - "'•-      i  899  u 
=       -1  35  31.9 

-   H  i(  i  26  57.1  J 


O-C 


=  0.358768 
1\  cos/3  =  -1".5 


//}=  -l'V 


Constants  ro  the  Equatob  01    L899.0 

=  [0.3247374]  sin  (190  55  42.00 + v)  sei 
=  [0.3334251  I  sin  (109  L5  29.25+w    31 
=   [0.0621375]  sin,   56  12  13.61  +v)  s< 


JSi 


Reduction  of  Elements   1-  ls9s.f1 
19.12  i-K  =    -50.34  H  = 


0.10 


OBSERVATIONS  OF  I  HERCULIS, 

MADE    WITH    THE   28-INCH   REFRACTOR    AT    GREENWICH. 

(Communicated  by  the  Astronomer  Royal.) 


With  reference  to  Professor  Doolittle's  note  on  the 
position  of  £  Herctilis  in  A.J.  466,  the  following  observa- 
tions,  including  those  made  this  year,  may  be  of  interest. 
The  components  were  clearly  separated  on  all  occasions 
except  1897.320  and  1897.512,  when  the  seeing  was  bad. 
Powers  of  670  and  1030  were  used  for  the  measures. 


Date 

L894.541 
95.444 

9(5.449 
96.455 
97.320 

1897.381 

Royal  Observatory,  Grecna-jrh,  1899  August  3. 


p 

s 

Obs. 

40.4 

1.23 

Lewis 

37.9 

0.67 

Lewis 

6.6 

0.42 

Lewis 

5.3- 

0.65 

Lewis 

7.9 

elongated 

Lewis 

3.5 

0.3  est. 

Lewis 

1897.512 

355.5 

0.59 

Lewis 

1 

9S.419 

288.4 

0.70 

Lewis 

1 

98.605 

286.7 

0.43 

Lewis 

1 

98.613 

288.4 

0.66 

Bowyer 

1 

98.717 

289.2 

0.46 

Bowyer 

1 

98.739 

288.8 

0.77 

Lewis 

1 

98.739 

285.3 

0.40 

Bryanl 

1 

99.315 

265.1 

0.58 

Lewis 

2 

99.353 

268.8 

0.56 

Lewis 

1 

99.381 

266.9 

0.56 

Lewis 

2 

'.19.411 

264.4 

0.66 

Lewis 

1 

99.46S 

261.5 

0.60 

Bowyer 

1 

1899.486 

261.7 

0.63 

Lewis 

2 

NOTICE    RESPECTING   (79)  EUBYNOME. 
Anyone  having  unpublished   observations   of  Eurynome,  last   opposition   in  January,    1899, 
signed  by  publishing  them  at  his  earliest  convenience,  as  tables  of  its  motion  are  preparing. 


will   confer   a  favor   upon   the   under- 
\V.  S.  Eichelbebgeb. 


CONTEXTS. 
)bservations  "i   New  and  Old  Variable  Stars  in  the  Southebn  Hemisphere,  hy  R.  T.  A.  Innes. 
Notes  on  Variable  Stars,  —  No.  29,  by  Henry  M.  Pabkhurst. 
Parabolic  Elements  i>i   i  om'ei    189S  VIII,  b?  Roger  Spbagde. 
(  (bser'v  i.tions  "1    £  herculis. 
Notice  Respe<  cing  (79)  Eubtnome. 


Til  E 


ASTRONOMICAL    JO     ILXAL, 

3ED     BY     B.    A.     G 

No.  4:69. 


FOUNDED     BY     B.     A.     GOULD. 


VOL.  XX. 
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NO.   l.i 


OBSERVATIONS   OF   COMETS   1898  VI    AND    1898  IX. 

By   C.   I).    I'KKKINK. 


1898  Sit.  Hamilton  M.T. 


No. 
( loirip. 


la 


/8 


* 


'a  apparent 


for  a      |     for  8 


C..MKT     IS'.IS     VI. 


June  17 
19 
20 
22 
23 
24 

25 
26 

27 

28 

July  1 

8 

9 
11 
12 

13 
14 
15 
16 

17 
IS 


19 


26 


;;n 


14  3  6 
14  14  13 

13  42  5(1 

14  11  0 
14  20  54 
14  2  2 
14  51  30 
14  13  16 
1  1  9  19 
1  1  7  23 
14  27  48 
1  1  26  1 
14  47.  53 

14  35  51 

15  44  49 
15  15  32 
1  I  55  G 
15  -I  32 
L5  20  .".1 
15  34  12 
15  10  18 
15  21  26 
L5  22  52 
17.  30  58 
15  17  5 
L5  59  L8 
L5  40  L2 
15  54  56 
15  29  2 
15  23  5 
15  36  3 
15  40  15 
15  55  1 
15  35  51 
L5  52  36 

15  II     II 

L6  1    13 

16  5     5 

15  50   L6 

15  is  ;;:; 

15  51-  27 
L5  47     0 

16  0  27 

15  45    17 

16  0   16 


143 

dlO  ,  8 

144 

10  .  6 

145 

10  ,  8 

146 

14  ,  8 

147 

10  ,  6 

1  is 

dlO  ,  8 

149 

10  .  6 

150 

L6  .  8 

151 

dlO  .  8 

152 

dlO  ,  8 

1  .'<r, 

10  ,  6 

156 

18,8 

157 

dlO  ,  8 

158 

dlO  ,  8 

159 

d  8  .  6 

L60 

10  .  6 

161 

16  .  8 

162 

14,8 

L63 

20  .  8 

164 

10  .  6 

165 

./in  .  8 

166 

L0  .  6 

167 

L6  ,8 

L68 

d  8  ,  6 

170 

1 

17(1 

10 

171 

14,8 

172 

dlO  .  8 

173 

dlO,  8 

171 

dlO  .  8 

175 

14,8 

176 

2 

176 

6 

177 

1  1   .  s 

L78 

./  9  ,  6 

179 

L0  .  6 

ISO 

5 

180 

d  5 

181 

8  .  5 

182 

dlO  .  8 

is:: 

10  .  6 

184 

dlO  .  s 

185 

d  s  .  6 

1S7 

dlO  .  8 

188 

10  .  6 

+  n  27.36 
+  1  19.74 
-1  14.88 
+  0  51.34 
+3  16.44 
-  ii  20.83 
-3  9.21 
_ll  15.5(1 
-ii  15.29 
+  ii  27.48 
-2  1  1.89 
-2  27.53 
-0  23.57 
+0  1.80 
_0  7.55 
-2  58.10 
+0  50.17 
+ 1  8.39 
+  o  54.94 
-3  21.60 
+  o  26.14 
f2     9.56 

+  1     1  ILL'S 

0  6.42 

+  1  55.81 
t  0  l  1.36 
-0  11.84 
-0  7.77 
+  o  12.68 
_0  54.00 

f  5   10.15 

1  I  17 

-1   58.82 

-0  28.51 

-1  33.28 

.  o  15.70 

I  20.57 

t  0  13.77 

0  39.01 

•  o  13.03 

+ 0  15.12 


+  2  22.2 

-  0  li'.  1 

-  4  9.7 

-  '.i  18.8 
0  53.3 

-  8  44.9 
+  5  9.6 
+  1  32.1 

-  2  28.5 

-  0  11.6 

-  8  14.0 

-  6  7  4 

-  1  35.4 
-  ;:  38.6 

+  7  16.3 

-  0  15.8 

-  6  16.8 
+■  I  25.1 

-  5  10.6 
+  7  5.2 

-  6  50.2 
-+-  3  0.0 

5  1.9 

;,  26  6 

+  2  12.1 


37.9 

is    I 

58.1 
25.2 
33.6 
36. 1 


-  I  34  8 

-  6  57.0 

•  l  25.6 
+  6  52.7 

+ 

1    6  34.8 

:,  30.6 

L0  0.7 

•  8  16  3 
h    I  L6.6 


3  47    15.51 

3  59  31.54 
1  5  26.31 

4  17  28.87 
l  23  25.25 
I  29  10.30 
1  29  22.49 
I  34  50.17 
4  40  KM! 
4  46  17.64 

4  51   56.38 

5  s  li.70 
5  13  32.52 
5  13  34.89 
:,  is  34.6O 

5  57   16.51 

6  2  15.40 
6  2  21.10 
6  6  19.28 
6  11  in  71 
6  15  33.48 
6  19 

6  24     7.84 

6  28  10.02 


6  28  25.24 

6  32  29.56 

o  32  31.89 

6  36  32.22 

6  10  33  20 

ii  II  34.71 

6  18  3  1  to 

ii  52  25.93 

6  52  28.25 

6  56   L9.70 

_  - :  <  •  • » 

7  ii  11.19 
7  3 

7  7    17  7s 

7  11   33.02 

7  II    35.27 

7  15   Is.  I  I 

7  15  20.55 


+  57  56 

+  57  25 

2.0 

+57     7 

51.3 

+56  28 

53.4 

«9.867 

+  50      7 

tl.3 

■:•  B70 

+  5."".    15 

47.0 

»9.846 

+  :,:,  n 

r»9.892 

+55  22 

12.6 

r-54   7.7 

39  l 

&9.840 

+  5  1  32 

1.7 

»9.831 

r  5 1      1 

12.3 

0.-17 

+52  37 

2.1 

9  826 

+52     1 

50.0 

«9.839 

+  is  31 

20.4 

»9.790 

4  47  49 

40.1 

9.834 

+  u;  27 

19.5 

+  15    1  1 

38.5 

»9.777 

+  15   i.; 

47.7 

+  1 1  59 

24.2 

«9.797 

4-11   13 

21.0 

/-O.SOl 

•  13  27 

19.0 

9.778 

-  12  38 

56  1 

+  11    lo  38  I 

9.776 

1-40  58 

58.5 

r»9.775 

I  to  58 

+  lo     6 

59.7 

...0.771 

•  10     6 

28.3 

o  780 

36.3 

pi9.762 

n9.752 

+  37  25 

9.772 

• 

9  757 

54.9 

0.7  11 

13.2 

9.753 

+  .".1    31 

•  3  1   30 

'.9.751 

-33   31 

16.2 

,.9.740 

+  .".2    29 

59.2 

n9.735 

loo 

36.7 

0.9 

+29   is 

lis 

•  29   17 

0.760 
0.752 

- 
0.770 
0.757 

0.707 
0.780 

0  7-7 
0.795 
0.768 
0.781 

0.751 
o.7s  7 
0.671 
0.736 
0.770 
0.718 

0.713 
0.762 
0.737 
- 
0.730 
0.702 

0.719 

0.739 
0.749 
0.629 
0.731 

3 
0.713 

0.727 
0.715 


1(10 
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1898  Mi.  Hamilton  M.T. 

* 

No. 

(  imi|i. 

Ja         | 

* 

;S 

aS's  apparent 
a                         8 

logpA 
for  a          for  8 

Comet  1898  \'l.— Cont. 

Aug.    1 

ll             II.             H 

16  12  52 

l'.io 

d  8  ,  6 

_o'"i'.v.vj 



4  33.1 

ll           III         8 

7  22  50.67 

+  27     3  39  5 

,,'.1.719 

0.708 

2 

1 6     1     3 

191 

d  8  ,  6 

+  o  10.31 

+ 

0     2.5 

7  26  32.77 

+25  :>'•  37.9 

,:>  713 

0.725 

1(1  11     8 

L93 

10,  6 

_0  :;:;..,i7 

_ 

1  39.5 

7  26  34.30 

+25  r,:,    9.1 

&9.715 

0.713 

4 

10     2   12 

194 

10  ,  6 

ii    10.00 

+ 

6     7.1 

7  34    o.lo 

+  23  34  57.4 

&9.704 

ii  72  1 

16     2  12 

195 

10 

-0  22.11 

7  34     0.06 

,,9.70  1 

16     9  47 

195 

6 

+ 

6  51.2 

+23  34  34.8 

0.719 

16  14  35 

196 

4 

— 

1     4.8 

t  23  34  21.7 

0.709 

16  20     2 

196 

d  8 

+0*  28.77 

7  34     2.79 

&9.707 

5 

Ki     6  .".4 

198 

10  ,  0 

+  1     3.94 

_ 

5     5.1 

7  37  44.90 

+  22  22   44.6 

,,9.702 

0.72:; 

16  16  21 

199 

4 

+ 

2  10.8 

+  22   22    12.  1 

o.712 

16  20  48 

199 

d  8 

-0  16.72 

7  37  47.06 

,,9.70  1 

6 

16     2  31 

201 

20  .  10 

-0  19.27 

_ 

1    L6.6 

7    11   29.  os 

+  21    9  52.9 

&9.696 

0.730 

\        ' 

16     3  42 

202 

20  ,  8 

+  0  31.96 

_ 

3   12.8 

7  45   15.07 

+19  55   16.0 

»9.694 

0.729 

8 

16     3  51 

203 

10  ,  6 

+  o  44.36 

_ 

7  28.4 

7    19     1.99 

+  ls   lo   10.9 

»9.691 

0.7: 12 

10 

16  14  50 

204 

d  6  .  8 

-0  10.13 

_ 

1    12.7 

7  56   ll.lo 

+  16     7   lo.o 

&9.687 

(1.720 

16  23  43 

204 

5 

- 

5  11.2 

+  10     6   11.5 

0.719 

Comet  1898  IX. 

Sept.  16 

Id"    9™  44 

205 

10  ,  8 

-i'"  o8.oo 



3  41.0 

ll           111         8 

lo     0  11.73 

+  28°  55  31 A 

&9.730 

O.070 

17 

16  28     9 

206 

10  ,  8 

+  0  41.39 

_ 

2  17.3 

in     6  31.43 

+  28  18  1  1.8 

,,0.727 

0.655 

18 

16    9    1 

207 

lo  ,  9 

-0  21.59 

— 

3     9.2 

10  12   13.56 

+  27  40     0.1 

n9.724 

0.688 

19 

16  21     8 

208 

10,  8 

+  1   20.17 

_ 

1     1.1 

10  19     6.12 

+  26  59  18.5 

„'.i.  722 

0.677 

16  40  42 

209 

10  ,  6 

+  0  44.64 

+ 

7     0.1 

lo  19  11.51 

+  20  58  46.1 

,,9.720 

0.052 

20 

16     9  44 

210 

10,  8 

+  1  55.63 

_ 

7  36.2 

lo  25  24.10 

+  20  17  19.7 

,,9.719 

(1.095 

22 

16     2  54 

21  I 

10  ,  8 

-1  23.92 

_ 

1   47.4 

10  38     9.22 

+  24  47  17.1 

,,9.711 

0.714 

16  36  55 

212 

10  ,  6 

+  2  43.75 

+ 

2  58.3 

10  38  18.37 

+  24  46   11.0 

„9. 713 

n.r.77 

26 

16    13     6 

213 

dlO  ,  8 

+  0    5.93 

11  30.5 

11     4     7.22 

+21  22  10.8 

,,'.1.702 

0.692 

27 

16  43     9 

21  1 

10  .  (I 

-1  29.99 

_ 

5  54.0 

11  10  35.86 

+20  26  27.2 

&9.700 

0.697 

28 

16  44  48 

215 

10  ,  8 

-1     0.00 

_ 

6  42.7 

11   17     5.25 

+  19  28  39.2 

»9.697 

0.7O1 

29 

16  49  20 

216 

10,  8 

+  1   12.98 

+ 

0  48.0 

11  23  35.69 

+  18  29     3.5 

m9.695 

0.702 

Oct.     3 

16  47     8 

217 

10  ,  8 

-0  41.75 

+ 

1  36.2 

11  49  33.32 

+  11   12  24.6 

«9.685 

0.720 

17     2  38 

217 

10  ,  8 

-0  37.34 

+ 

0  52.6 

11  49  .",7.7:; 

+  14  11  41.0 

»9.685 

0.710 

4 

17     3  59 

218 

r/10  ,  8 

+  0     4.6S 

+ 

6  34.5 

11   56     7.32 

+  13     3     1.3 

»9.683 

0.713 

5 

17     2  18 

219 

10,8 

-1  30.S3 

+ 

1  28.7 

12     2  36.27 

+  11  52  52.1 

„9.0S1 

0.719 

9 

17  11  40 

220 

10  ,  6 

-0  36.5S 

— 

1     4.4 

12  28  35.23 

+   6  55  34.0 

,,9.075 

0.721 

Mean  Places  for  1898.0  of  Comparison-Stars. 


Red.  to 

l,Vil.   In 

* 

a 

app.  place 

8 

app.  place 

Authority 

143 

3h  46m46!74 

+1.44 

+57°  54'  29*0 

+1.6 

Helsingfors-Gotha  A.G.  3264 

1  11 

3  55  10.27 

+  1.53 

+  57  25  42.9 

+  1.5 

a                             I 

:;:;:;o 

145 

4     6  39.62 

+  1.57 

+57  11  50.4 

+  1.6 

a                       I 

3434 

146 

4  16  35.90 

+  1.63 

+  56  38  10.7 

+1.5 

it                         t 

3527 

1  17 

4  20     7.15 

+  1.66 

+  56     8  33.1 

+  1.5 

ii                         t 

3552 

148 

4  29  29.45 

+  1.68 

+  55  54  30.5 

+  1.4 

a                         t 

3649 

1  lo 

1  32  30.02 

+  1.68 

+  55  39  47.1 

+  1.5 

a                        1 

3677 

150 

4  35  42.97 

+  1.70 

+  55  20  39.1 

+  1.4 

a                         i 

3708 

151 

4  41  24.01 

+  1.72 

+  55     0     6.3 

+  1.3 

a                         i 

3762 

152 

4  45  4S.42 

+  1.74 

+  54  32  12.1 

+  1.2 

Micrometer  comparison  with  %153  and  154 

153 

4  39  52.58 

+  1.75 

+  54  37  52.9 

+  1.2 

Rogers,  Cambridge  A.G.  Catal.   1953 

154 

4  40   15.75 

+  1.75 

+  54  38  28.0 

+  1.2 

a       19,57 

155 

4  54     9.50 

+  1.77 

+  54  13  25.3 

+1.0 

«       2037 

156 

5  10  37.37 

+  1.86 

+  52  43     8.8 

+  0.7 

«                 «             »         »       2140 

157 

S  13  54.20 

+  1.89 

+  52     6  34.7 

+  0.6 

«                "            "        «      2153 

158 

5  43  28.08 

+  2.01 

+  48  34  58.8 

+  0.2 

Deichmuller,  Bonn  A.G.  Catal.  4766 
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* 

Red.  to 

a 

app.  place 

S 

app.  place 

Authority 

159 

5    I8m40!l4 

+2.01 

+  47  41  53.8 

o'o 

Deichmiiller,  i ! 

160 

6     0  42. 59 

+  2.02 

+  40  28     5.5 

-  0.2 

" 

161 

6     1  23.19 

+2.04 

+45  50  55.7 

-  o.l 

5016 

L62 

6     1  10.67 

+  2.(  14 

+  4.".  39  22.9 

-   o.;; 

.. 

L63 

6     5  52.29 

+  2.05 

+  4.")     1  35.3 

-   o.5 

«          5084 

164 

6  14  36.26 

+  41     6  16.5 

-   0.7 

<•'                   "                ••             51-1 

165 

6  15     5.26 

+2.08 

+4:;  34   1  n.ii 

_  0.8 

"             ■•          5lol 

166 

6  17  41.74 

1-2.08 

+  42  35  56.9 

-  0.8 

"               ■•             ••          5225 

167 

6  22  55.46 

+2.10 

+  41  54  41.2 

-    o.O 

5278 

168 

6  28  24.23 

+  2.11 

+  41     4   26.1 

-    l.n 

Micrometer-Comparison  with  *10'J 

169 

6  27  20.34 

+  2.11 

+  41     8  13.9 

-     1.0 

Deichmiiller.  Bonn  A.G.  (   ital.5342 

170 

6  26  27.32 

+  2.11 

+  40  56  15.8 

-    l.o 

" 

171 

6  31    13.09 

+  2.11 

+  3'.)  59  22.8 

-    l.o 

"               "             "          5391 

172 

6  32   U.62 

+  2.11 

+  4ii     3  41.o 

-  1.1 

54  "5 

173 

6  36  37.88 

+  2.11 

+39   16  35.5 

-  1.1 

Lund  A.G.  Zones  :;7".  5mm 

174 

6  40  18.41 

+  2.11 

+  3S   21    1  1.7 

-   1.2 

«             ■•      501,506 

175 

6  4.-.  26.60 

+  2.11 

+  37  31    37.1 

-  1.:: 

«      500,1 

176 

6  43  22.23 

+  2.11 

+  30  31     4.6 

-  1.4 

"       153,  157 

177 

6  53  28.30 

+  2.10 

+35  35  31.2 

-  1.5 

«          K 

178 

'6  52  59.95 

+  2.10 

+  35  37  11.7 

-  1.5 

"       112.  131 

179 

6  58  16.43 

+2.09 

+34  27   1  1.8 

-  1.6 

en  AG.  Zones  1G4.  279 

180 

6  56  49.42 

+  2.09 

+34  2  1     3.8 

-  1.6 

14,279 

181 

7     1    12.38 

+  2.09 

+33  25  39.6 

-   1.7 

161,401 

182 

7     4  13.26 

+2.09 

+  32  2:;  26  2 

-   l.S 

Paris  8745+Brussi  '.  -  291  1 

183 

7     9     6.25 

+2.10 

+31   32   12.0 

-  2.0 

en  A.G.  Zones  14  7.  25  1 

184 

7  11  17.14 

+  2.11 

+  3u  33  39.4 

-   2.0 

272,  350 

185 

7  12  12.18 

+  2.1H 

+30  22    7.0 

-    2.0 

meter-comparison  with  *  186 

186. 

7  14     6.61 

+  2.10 

+  30  26  17.5 

-   2.1 

Leyden  A..G.  Zones  272.  350 

187 

7   15     3.30 

+  2.11 

+  20     9  57.5 

-  2.0 

Graham,  Cambridge  A.G.  Catal.  3913 

188 

7   14  33.32 

+  2.11 

+  20   16    14.1 

-   2.1 

Micro meter-comparison  with  $189 

189 

7  12  25.97 

+  2.12 

+  29   17      7.1 

-  2.0 

Graham,  C                  LG.  Catal.  3887 

190 

7  23  14.08 

+  2.11 

+  27     8   1  1.8 

2  2 

39S6 

191 

7  26  20.36 

+2.10 

+  25  :<:,  37.6 

2  •» 

Micrometer-comparison  with  $192 

192 

7  24  38.37 

+  2.11 

+25  56   18.9 

-  2.1 

tarn,  Cambridgi    LG.<   ital.  1002 

193 

7  27     .V:.7 

+  2.10 

+  25  56  50.8 

—    2.2 

L035 

104 

7  34  38.02 

+23  28  52.3 

-    2.3 

Bei  ker,  Berlin  A.G.  Catal.  ■ 

195 

7  34  20.09 

+  2.1  IS 

+  23  27   45.9 

-  2.3 

«              •■          3059 

196 

7  33  31.94 

+  2:;  35  28.8 

-    2..-. 

Micrometer-comparison  with  *lo7 

197 

7  35  37.08 

+2.08 

+23  45    6.5 

-   2.4 

Becker,  Berlin  A.G.  Catal.  3072 

198 

7  36 

+  2.H7 

+  22  27  52.0 

-   2.3 

.. 

199 

7  38     1.70 

+  2.08 

+  22  20     3.8 

—    "  2 

with  $200 

200 

7  35  30.00 

+  2.1 17 

+  22   21    L6.9 

—   2.2 

Becker,  Berlin  A..  G.  Catal.  3071 

201 

7  41  46.30 

+2.05 

+  21   11    11.9 

-   2.1 

312                   1054 

202 

7  44  41.07 

+2.04 

+  10  59  31.3 

-    2.5 

3142+Auwers, 

203 

7    is   15.60 

+2.03 

+  1S  48  11.8 

-  2.5 

Auwers,  Berlin  A.G.  Catal.  3087 

204 

7  56    19.52 

+  2.H1 

+  ic.  11  :•:,.:, 

-    2.S 

3172 

205 

in     1      9.36 

+2.37 

+  2S  50   25..; 

-13.2 

am,  Cambr. A.G.  Catal.  5213 

206 

10     5  47.69 

+2.35 

+  2S   20    15.5 

-13.4 

524] 

207 

10  13     2.83 

+  2.:  12 

+  27    13   2 

13.6 

5294 

208 

10  17   13.65 

+  2.. 'in 

+27     o  ::::.  1 

-13.8 

5330 

209 

10  IS  24.59 

+2.31 

+  26  51   50.7 

-13.7 

.. 

210 

10  23  26.17 

+2.30 

+26  25     9.9 

-14.0 

5370      [1 

211 

10  39  30.87 

+  2.27 

+  24    10  18.8 

-14.3 

A,    ••            ••              ••          5484H 

212 

in  35  32.34 

+  2.2S 

+  24  43  27.o 

-14.3 

LG.  (   itaL    1077 

213 

11     3  59.07 

+  "  22 

+  21  33  56.1 

l  i  8 

4201 

21  1 

11    12    3.65 

+  2.2H 

■  32  36.0 

-1  l.S 

.. 

215 

11    is    3.07 

+  2.  IS 

+  10  35  36.7 

-14.8 

Auwers,  Berlin  A.G.  Catal.  1419 

216 

11  22  20.54 

+  2.17 

+18  28  30.3 

-14.8 

1432 

217 

11   50  12.95 

+  2.12 

+14  11     3.3 

l  I  9 

\V    1 

2 1 8 

11   56     0.52 

+  2.12 

+  12  56    11.7 

1  1.0 

Grant,  G 

219 

12     1      l.'.i'.i 

+  2.11 

+  11  51 

-14.9 

W.  B 

220 

12  2'.»     9.69 

+  2.12 

+  6  56 

-14.8 

M, S230 

101.' 
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(  ..mi  ,   1898  vi. 

.in,,,  l.'.iii.  <  .mi.  t  l '.'  iii  .liain.ti-i ;    10J4*.     Central  condensation 

I. ui  in.  nucleus.      19th,  n..  well  defl I  iiii.-I.-ik,  otherwise  nearly  as 

bright  as  Comet  '-.  20th,  >  omet  i  Bame  brightness  as  Comet  b. 
Comet '  has  a  aucli  as  h  iii.-li  is  fairlj  sharp.  23d,  •  lomel  is  brighter. 
Nucleus  of  18*.  —  24th,  Comet  e  Is  almost  twice  as  bright  as  Comet  '.. 
Comet  i  is  ahont  9J£".— 25th,  86-inch  refractor.  Cornel  bright- 
ens gradually  !••  a  central  condensation,  but  there  is  no  nucleus 
proper.  28th,  Nucleus  much  Bharper  than  heretofore  =  lO>^Mor 
11".  — fuhj  sili,  Coini'i  easy,  fully  as  bri-jlit  as  i)».o.  Nucleus  Beems 
Bharp.  —11  t.li.  Comet  bright  and  has  a  nucleus  of  ll*-12*. —  12th, 
Winil  shakes  telescope  some.  Comet  bright  and  easy  =  8,j£*.  Nu- 
cleus 10#"  or  11".  —  14th,  Nucleus  11"-12M.  —  15th,  Nucleus  quite 
bright  =  10"  or  10#M.  Comet  8,'4M  or  9".  —  16lh,  Comet  S^>'.  — 
17th,  Comet  S"V;  has  a  sliarp  nucleus  of  10".  Seeing  good. 
Short  tail  in  position-angle  805°±.  —  19th,  Comet  8M.  Can  see  to 
bisect  ii  with  dark  wires.  Comet  still  visible  at  L6h  12"'  P.St.  —  20th, 
Comet  has  a  sharp  nucleus  of  11*. — 21st,  Sharp  nucleus  distinctly 

visible.    Comet  is  brighter  than  the  comparison  starof  sM..", ;  S  orS'j". 

22d,  Nucleus  of  10)£M  or  11*.  ('omet  8#*. —  24th,  Comet  8*. 
Nucleus  10*  10#*.  Short,  bushy  tail  n.p. — 25th,  Comet  851  or  S  "4  ". 
Nucleus  of  9#*  or  10*.  Seeing  good. — 26th,  Observation  inter- 
rupted by  clouds. — 27th,  Comet  is  fully  8*.0,  if  anything  it  is  brighter. 

—  28th,  Comet  brighter  than  8*.0,  probably  7*.5.  Has  a  nucleus  of 
9^m_  _29th,  Comet  7>£M.  Nucleus  9>£M.  Tail  3'  or  4'  long  n.p. 
N  Helens  same  brightness  as  comparison-star  (9M.5). — 30th,  Comet  fully 
3  times  as  bright  as  the  8*.3  comparison-star.  —  August  4th,  Comet 
more  easily  Been  at  last  measures  than  9M.3  star.  Nucleus  9*.0  —  7th, 
Nil.  lens  sharp  and  nearly  as  bright  as  9M.l  comparison-star.  Seeing 
good.  —  10th,  All  measures  made  with  dark  wires.    Clouds  interfered. 

—  16th,  The  comet  was  looked  for  hut  its  place  was  too  low  in  the 
dawn. 

The  observations  of  June  25,  July  2,  18,  were  made  with  the  36- 
inch  refractor,  all  the  rest  were  made  with  the  12-inch  telescope. 

Lick  Observatory,   University  of  California,    189S  Decemlier  20. 


«  ..mi  i    1898  IX. 

September  12th,  Cornel  8"  9*.  Short  tall  n.f.  —  18th,  Bead  of 
comet  about  ■".'  in  diameter.  Bead  is  round  and  has  t  sharp  central 
condensation,  but  not  stellar.    Tall  in  position  angle 806°. 8.       18th, 

i  angle  of  tall  809  .."«.  Comet  has  a  condensation  6'  to  -  in 
diameter  which  is  fully  as  bright  as  the  8*. 9  comparison-star.  Comet 
7J$"  or  8M.  —  19th,  '..met  much  brighter,  7M.  Nucleus  much 
sharper    and   nn.r in.lense.l,   almost  stellar,  9'jM  or   10M.       20th, 

has  stellar  nucleus  of  10*.  ('omet  fully  7".  22d,  Comet 
distinctly  visible  to  naked  eye.     Comet  has  nucleus  which  in  best 

ie  sharp  and  of  9*.0.       28th,  C t  n-ry  bright,     Can  see  it 

With  naked  eye.  Nucleus  fully  as  bright  as  sM.s  comparison-star. 
Tail  brighter  than  on  September  22.  —  28th,  Seeing  bad.  Iliuh.  cold 
north  wind  which  shakes  telescope.  —  October  8d,  Nucleus  not  as 
sharp  as  a  star,  but  fully  8*.0.  —  5th,  Comet  low  in  dawn.  No  nit.  lei  is 
visible  and  only  a  faint  tail.  —  9th,  All  measures  made  through  clouds. 

Comet  so  near  the  horizon  that  all  star-images  arc  poor.  The  effects 
of  irregular  refraction  are  marked.  —  10th,  Looked  for  Comet  h  but 
could  not  see  it  in  the  dawn.  Some  haze. —  11th,  Comet  looked  for 
but  not  found.  , 

All  the  observations  of  Comet  //  were  made  w  ith  the  12-inch  equa- 
torial. • 


Errors  i\  Weisse's  Catalogue  of  Bessel  Stabs. 

W.Ii.o  22h  2."j9.  There  appears  to  be  an  error  of  about  10"  in  8  in 
the  reduction  of  this  star  from  the  time  of  observation  to  the  epoch 
of  the  catalogue.     The  declination  should  be  increased  about  10". 

W.B.2  22h  6S8.  The  declination  of  this  star  is  in  error  by  1'  Ar>". 
Both  the  catalogue  place  and  the  zone  observation  should  be  de- 
creased. 

W.B.o  22h  395.  The  right-ascension  of  this  star  appears  to  he  0".6 
too  large. 


THE  TELOCITY  OF  METEORS  FROM  PHOTOGRAPHS, 

By  W.  L.  ELKTX. 


We  have  been  experimenting  with  an  apparatus  for  de- 
termining the  velocity  of  meteors  photographically,  on  a 
principle  similar  to  that  devised  by  Lane  as  long  ago  as 
I860;  and  to  that  used  by  Zenker  in  1SS5  but  without  suc- 
cess apparently  (see  Amer.  Journal  of  Science,  Vol.  XXX, 
p.  42,  and  Astr.  Naohr.,Yol.  CXIH,p.228).  The  same  plan 
has  been  recently  suggested  by  Fitzgerald  (Astrophysical 
Journal,  Vol.  IX,  p.  50)  and  consists  in  rotating  in  front  of 
the  lens  at  a  known  rate  a  wheel  carrying  at  intervals  in- 
terceptors of  the  light  falling  on  the  lens.  Our  apparatus 
\  as  placed  on  our  meteorograph  and  was  large  enough  to 
occult  all  of  the  six  large  lenses  now  in  use.  Our  second 
station  is  now  provided  with  six  cameras  and  both  instru- 
ments were  brought  into  use  during  the  favorable  absence 

Yale  University  Observatory,  1809  Aug.  17. 


of  the  moon  in  the  first  half  of  August.  Unfortunately 
the  nights  of  Aug.  10,  11  and  12  were  completely  overcast 
here,  Aug.  9  partly  so,  so  that  no  records  of  Perseid  meteors 
seem  to  show  on  our  plates.  But  on  Jul}*  31,  Aug.  7  and 
Aug.  8  each,  a  meteor  trail  from  other  radiants  was  secured 
at  both  stations,  those  of  July  31  and  Aug.  8  showing  three 
or  four  interruptions  and  of  Aug.  7  some  ten  or  twelve  on 
the  Yale  plates.  It  is  of  course  a  question  as  to  whether 
the  cosmical  velocity  can  be  deduced  from  these  records, 
and  it  will  be  of  considerable  interest  to  see  whether  the 
results  thus  derived  will  agree  with  the  known  velocity  of 
the  Leonids,  if  we  are  fortunate  enough  to  capture  any 
trails  next  November. 
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rill;   (  II  \  mi;i.i:i  i  s    0B6EBVATOBY,    DNIVEBSITl     PABK,    COLORADO 

By  HERBERT    A.   HOWE. 

In  A.J.  463  are  to  be  found  the  first  observations  i 
series  which  is  liere  concluded.     The  total   Qumbei 
serrations  is  302.     Despite  the  brightness  and  duration  of 


ilight  the  planet  might  have  been  followed  furl 
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Mean   Places  for  1899.0  of  Compai'isonrStars. 
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OBSERVATIONS  OF   THE    IXNKi;   SATELLITES   OF    SATURN, 

MADE  WITH  THE   26-INCH   REFEACTOE  AT  THE    I. I.AM. 1. 1;    MCCOBMICB    0B8EBVAT0B1     Al     nil,    i   M '.  I  Mil    OF   VTBGIMIA, 


IJv  J.  ADAIB  LYON. 


1899 
April  10 


26 


30 


May 


28 


June    2 


18 


21 


24 


April  16 


26 


D 

one-Rhea. 

Eastern  M.T. 

P 

Eastern  M.T. 

s 

ll         IU         8 

1 5     9     1 

100°44 

15"  15"  41 

33.58 

15  25  33 

100.61 

15  19  r,r, 

33.85 

14  34  28 

63.97 

14  39  50 

92.79 

14  45  46 

05.02 

14  43  46 

92.89 

13  23     3 

115.91 

13  28  59 

29.53 

13  36     5 

116.35 

13  32  53 

29.85 

14  27     5 

116.84 

ll  31   29 

511.07 

14  40  23 

117.16 

14  31    11 

31.20 

15  21  42 

118.40 

15  25  23 

31.30 

15  31  33 

119.14 

15  28  10 

31.90 

16  11  48 

119.62 

16  15   16 

32.21 

16  21  45 

119.85 

16  l.s  25 

31.81 

13     8  23 

56.56 

13  12  53 

73.99 

13  19    ;i 

57.19 

13  15  l>7 

71.50 

14  55  1 1 

63.77 

15     2  56 

80.28 

15     9  55 

64.99 

15     5  56 

80.25 

12  34  28 

218.91 

12  40  37 

24.39 

12  46  29 

220.09 

12  43     3 

24.67 

12  29  48 

306.13 

12  33  46 

54.58 

12  39  44 

300.03 

12  36  57 

5  1   IS 

13  26  20 

309.50 

13  29  15 

511.05 

13  37  24 

310.00 

13  31  50 

51.19 

15     5     4 
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5S.S5, 

15  17  14 

317.20 

15  11  13 

5S.5I 

12  16  53 

57.0  1 
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I7.no 

12  25  32 

55.S0 

12  23     0 

17.25 

!::    19  28 

55.96 

13  52  24 

15.61 

13  57  13 

56.35 

15    5  1     10 

L5.83 

11  46     1 

68.91 

1  1  50    8 

10.117 

1  1  56    2 

69.44 

14  52  58 

10.21 

li'  58  20 

84.63 

13     2  21 

109.29 

13     9     6 

84.82 

15      5   5  1 

L08.93 

14  22  18 
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13  33  24 
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267.69 
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L85.60 

11     111 

15    17      7 

198  88 

15  51    16 

1 

15  57    11 

200.34 
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15 
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CONTEXTS. 
Observations  of  Comets  1898  VI  and  189S  IX,  by  C.  D.  Perrixe. 
The  Velocity  of  Meteors  from  Photographs,  by  W.  L.  Elkix. 
Observations  of  Eros,  by  Herbert  A.   Howe. 
New  Asteroid. 
Observations  of  the  Ixsk.i;  Satellites  of  Saturn,   by  J.  Adair  Lyox. 
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The  elements  employed  in  this  computation  have  been 
taken  in  each  case  from  Dr.  G.  W.  Hill's  "New  Theory  of 
Jupiter  <nul  Saturn."  Those  of  the  four  inner  planel  are 
found  on  pages  L92  and  554,  of  Jupiter  and  Saturn  on  page 
556,  of  Uranus  on  page  lo;>.  and  of  Neptum  on  page  161. 
The  mass.  ^V,,,,  has.  however,  been  assumed    for  Uranus. 

The  perturbations   arising  from  the    six    inner    p 
have  been  published  in  the  Astronomical  Journal,  Nos.  109, 
428,  418.  434,  4.'!S  and  465.     Those  arising  from  Neptune 
were  computed  from  the  following  elements: 


8  = 


log  a   = 


Venus 

129  27  12.83 
:;  23  35.01 
75  19  53.08 
0.0068431 1 
2106641".357 
9.8593378 

1     M     -'     I       ■( 


Neptune 

43   17  30*30 
1    1 7      L.68 
180     7  31  83 
0.008  1962 
7864".935 
[.4781  111 

]:>.'"■> 


Epoch   =  1850.0   G.M.T. 


The  orbil   of  Venus  was  divided    int..  ■   with 

legale  i trie  anomaly.     T] 

lit  hough  as  in  pie\  ious  i  ipproximati 

are  inapplicable  during  the  greater  part  ol 

e  final  sums  are  iii  rea~'  work 

has  1 n  duplicated  from  the  beginning,  and  such 

known   have  Keen   applied.       I 
of  the  preliminary  consta  the  principal  auxiliary 

functions  are  as  follows  : 


I  =       2  46  38.369 

log*  =  p9.9999 

Tl  =  265   17  :;i  23 

=    P9.999  1896 

//'  =   179  34    16.34 

logc    =   y.N.M  17322 

K  =     86   12    16.11 

c   =     0.065272791 

K>  =     86  1-    19.67 
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log  r 

V 

.1 

logB 

£ 

A 

(i 

9.8563557 

ii     n     0.00 

904.778  i::s77 

L3687855 

67     3  55.97 

904.17419 

- 

47, 

9.8572313 

15  16   10.52 

904.51260261 

L.2432687 

112  20  54.31 

904.17356 

17.117826 

90 

9.8593378 

tin  23  31.50 

904.39237664 

1.1  188820 

17  1    17,    [3.90 

904.17298 

0.107  979 

135 

9.861  1342 

135   L6  35  65 

904.488  20486 

L.227  [626 

239     n     2.70 

904.17345 

i  972 

ISO 

9.8622996 

[80     0     0.00 

904.74393521 

1.3560070 

285  56    15.18 

904.17407 

31.09311  1 

225 

9. sci  1342 

224    13  24.35 

905.00974680 

1.4392863 

323     8  57  81 

904.17359 

17.750770 

270 

9.8593378 

6  28.50 

905.12994825 

1.4686184 

356  54  56.49 

904.17281 

0.11 

315 

9.8572313 

31  1    [3   19.48 

905.034  1  1  163 

1.1  [5584  1 

0    19.35 

90417334 

5 

9.4373309 

540     ii     0.00 

3619.04  [69887 

5.342  . 

884    11   21.54 

69405 

61.61? 

V 

9.4373310 

720     n     0.00 

3619.04469890 

5.3553020 

1    11.17 

361G.69394 

L8  L64 
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G> 

'• 
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' 
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0.53898 

904.17415 

0.5952295 

0.0562134 

1   32   17.o  is 

0.00023476    0.2733  1  127 

n.17, 
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0.27377 

904  L7354 
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n.07,7  1984 

till  [.024 

0.000  13986    0  2731  8776 

90 

0.15413 

904.17298 

0.154  8950 
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n    17,     6.502 

105608    0  27 

0.17, 
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O.l' 19  19 

904.17343 

0.2998555 

0.0503537 

1     7  39.561 

0.00012618 

0.27316951 

0.1761 
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0.50459 

904.17403 
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0.0608162 

l   30  28.921 

10217 

225 

0.77088 

904.17357 
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0 0246764 

1    [3  33.466 

ii  oho. 

19543 

0.171 

•-'7ii 

0.89187 

904.17281 

0.892  0680 

12028 

1      IS 

12162 

[3007 

0.176,' 

315 

0.79553 

904.17332 

0  8133615 

ii. hi,  > 

1111  [.706 

129957 

0.27340068 
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V 

2.08957 

3616.69397 
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0  1180034 

5  35  53.099 

0. 8381  l 

V 

2.08967 

3616.69386 

2.239  7860 

0  1500382 

7,    16    11.77,7 

86124 

L.0931 
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E 

log  .V 

log  /' 

log  Q 

log  F 

J\ 

J, 

J*                     i' 

o 

5.137  8654 

9.4986215 

2.3580297 

2.357  9959 

902.117  1996 

+  0.027  8169 

-43.343250       165.19752 

15 

5.139521  1 

0.500  L506 

2.3595431 

2.3595087 

903.0233587 

1  L.18921  13 

32.830864        L24.26237 

00 

5.1  136916 

9.5042639 

2.3636151 

2.36361  17 

904.1640829 

+  0.151  8779 

2.911684           9.86927 

135 

:,.!  17 '.Us:. 

9.5085362 

2.3679231 

2.3678929 

903.3068137 

1.17  1  1691 

-  28  888013    *  1  10.97189 

ISO 

5.1  197409 

9.510  1807 

2.3698895 

2.3698530 

902.1221024 

—0.3409776 

+  13.940  108    t  L67.47400 

225 

;,  l  is  L063 

9.5089743 

2.3683773 

2.3683624 

902.9705135 

+0.908  L699 

•  33.428015    i  L26.53886 

270 

:,  I  139578 

9.5048849 

2.3642800 

2.3642798 

904.1592634 

1  0.1562063 

-    3.508843    +    12.1  1577 

315 

5.1: 39  7097 

9.5005! 

2.359  9901 

2. .".50  070  1 

903.2945923 

"•..'J7  0  17  I 

28.290864        108.69539 

V 

0.5752556 

8.0182510 

9.455  81  1." 

9.4557434 

*3612.44494  Io 

0.0050765 

+   1.194  317    +      1  55298 

\ 

0.5752558 

8.0182511 

9.4558336 

9.4557434 

*3612.4  152400 

—0.0050323 

+    L.194300    +■      1.55299 

•The  term  in  '."'  has  been  removed  In  forming  the  sums. 

E 

r 

1000  B 

1000,000  S0 

1000  W 

1000  '  sin  v.-i; ■■" 
a 

1000. 

a 

0° 

1  0.5839042 

0.006821  134 

-0.004573  L34 

-0.0009883466 

o. 1000 

-0. 1365877 

15 

3.941  2736 

0.006867  17o 

+0.023281  642 

-  0.000  751  3860 

+0.006746  065 

+0.032343  1  18 

90 

0.1777110 

0.006961  065 

+0.003193229 

-o.ooo oc,7  2750 

+0.009623  607 

+  0.004414608 

135 

+  1.0782664 

0.007008255 

0.023820088 

+  0.001107  4  0551 

1S1S05S 

-0.032772  (7  1 

180 

+  0.O00K170 

o.inciilo  117 

—0.002565237 

+  0.001  029  7346 

0.00 1000 

-0.003522313 

22:. 

-4.007  3139 

0.007005531 

+  0.025  204  517 

+0.0007805505 

-0.0O0S15  (US 

+  0.034801  040 

270 

-0.5873116 

0.006967370 

+  0.004002346 

+0.01 81  L602 

-0.009632  323 

+  0.(1(1.-,  5.",.",  205 

315 

+3.9893101 

0.006879052 

-0.024  698  966 

-0.000  647  9491 

0. i757  1 12 

-0.034312118 

Sx 

+0.1189889 

0.027760316 

+  0.000  057  204 

+  0.000  055  2726 

_0.OOOoos71i; 

+  0.000059623 

_y 

+  0.118  9890 

0.027  760308 

+0.000057105 

+  0.000  055  2705 

-0.000 00S  727 

+  0.(iooii.V.I.V.tC, 

E 

0° 

15 

90 

135 

ISO 

225 
270 
315 

1000*  H    -in  r 

+(coso+cosE)  S  ! 

1000  J—  i?0cos»  + 
[  -sec-f  +  1  Jsin  t>  S  ( 

1000  11",  cos  u 

1000  TP  -in  u 

—200(1     I: 
a 

-0.000  0091463 
+  O.O04  912  3773 
+  O.O06  960  S806 
+0.0049653747 
+0.000005  13o5 
—0.004  007. 5 171 
—0.0069672347 
-0.004  922  6067 

-0.0068214344 
-0.0047994176 

+  0.000  054  02  is 
+  0.00  10  15  s  125 
+  0.007  010  4468 
+0.004941  8261 
+  0.0000396738 
-0.004  8055578 

-0.00057911307 
+0.00012282960 
+0.00005478547 
-0.000  664  99046 
-0.00060336403 
+  0.00012013897 
+  0.00006544151 
-0.00064023059 

80091019 

-0.000741  27847 
-0.00003904555 
-0.00011017258 
-0.00083444904 
-  o.ooo  771  24930 
—0.00004800407 
-0.000099  71  143 

-0.013549511 
-0.013668  183 
-0.013922131 
-no]  1084333 
-0.014116841 
—0.014078  857 
-O.olMO.'ll  740 
-0.013691533 

V 

—1 

V 

-0.000  010  3699 

-0.000  010  401S 

+  0.000  282  7080 
+0.000282  6932 

-0.001062  27,0  12 

-(i.ool  IK ',2  252  IS 

-0.00172240885 

-0.001722  11  178 

-0.055523223 
-0.055523206 

The  equation  sin  q  .  £  „(1*'+cos  qp .  B{„e)  =  0  is  found  to 
give  the  residual  -0.000.000.000,000,0085.  The  values  of 
the  differential  coefficients  are  as  follows: 

Io?  coeff. 


_ 

I  *1  = 

r__i 

[ 

l~df 


— ]  — ■    -   0.005 469  6734  m' 
I*  Jh. 


+  21.756678 

550  45727       m> 
15.327  159 
+  21.729810      '    m> 


d^-~]  =    -29.268164 
at  Joo 


»7.737  961  I 
pl.3375926 
&9.7477669 

m1.1S5  4C.17 
^?1.337  0559 
»1.4663954 


If  the  above  value  of  m1  be  adopted,  there  result  the  fol- 
lowing values  for  the  perturbations  produced  by  Neptune  \ 


-0.000000277  64841 

ool 104  4000 
0.000028398849 


-_1  =    -0.00077802855 

it  J.o 


T-1- 

L  d(  Joo 


-0.001  1030360 


[~f/Ll  =    -0.001485  6935 


N°-47«.) 


THK     ASTRONOMICAL     JOUENAL. 


109 


These  results  compare  w 

ill    those   of 

Li 

:Verrier   and 

Results  of 

NEWCOMB  as  follows  : 

LeVebbieb 
[~~\  =   -0.000036 

NEW!  OMB 

-0.0 »3 

! 

Results  of 

Result  -  of 

Method  of 

L  dt  Joo 

LeVehbieb 

r  di>  ~i            " 

N  EWI  OMB 

Gauss 

sin  /[''PI  =  -o. a 

-0.000  05 

(0461 

— -     =       0.00000 

0.0( 0 

0 13 

L  <"    |oo 

L  dt  J(l0 

We  ma]    n                   -  the 

variations 

which  arise  from 

e    -J-     =    4-0.0000] 

+-0.00001 

+  0.0000075 

the  action  of  all  of  the  disturbing  plant 

lowing 

L  dt  Joo 

equations  : 

L  dt  Jo 


1 1  ".<>:;:;  1 1: 


m 


=   _  0»095792466  -0".01301279u   -0".048<tNL»)(i„"  -0".oni  <iG:;<tss'_>,/'"      n    o.!li6292 
o 

-0".000  675  36338a      I  0".0000052633084mt1       0' 1 277648 

=    +   0".5762842   -1".1893992m       5".6289701m"  +0". 745 94759m?"   +  6".56546£ 

+0".079  351  564m11    +-0".0027817616mTI   +  0".001  KM  101 

n   +0".009 4965089m   -r-0".000  044  940m"  +0".001 320  4280m"'      0  .038659 

-0".005232  7048?tT   +0". 1  824038mTI  -0".000028398849 

.293993m"  -0".047350  146m'         2  .7242270a 

-0".082  465  731m1       0".002  881  2762mt1  -0".000778028£ 

86460  -1".1892420m   -5".641  7558m"   +0". 745 86465m'"   +6".5606924m,t 

+0".079207000mt  +0".002  776  7109m1    +0  .001  I 

-   -10".56,0G087    -t-0".745  42525m    -5".4005288m"  -0".099 401  2324m'"  -5".5347410 

— 0".26491624mv   -0".004 9609570m'1  -0".001  1856935 


_p.  |         -10".0619223   +0".089  773  204m 


i  '  ■  +  ° 


The  quantities  u,  u",  if'"  ....  are  corrections  to  the 
masses  adopted  for  Mercury,  the  Earth,  Mars,  etc.,  respec- 
tively, and  are  connected  with  the  true  masses  m,  m  ".  m  '", 
etc.,  by  the  equations,  m  =  m0(l+ti),  m"  =  m'B'  (l+«"), 
m'"  =  m[y  (1  +  //'").  el  c. 

LeVerrier  has  stated  a  similar  system  of  equations, 
giving  the  values  of  ill.,  de,  edit,  dp  and  dq  ("Annales 
de  V Observatoire  de  Paris"  Tome  VI,  page  6).  By  intro- 
ducing the  corrections  necessary  to  bring  the  various  ina  e 
employed  by  LeVerrieb  into  accordance  with  those  of 
Dr.  Hir.L,  and  by  making  use  of  the  elements  of  LeVerrier, 
we  may  obtain  the  differential  eoeflicients  given  below. 
The  results  of  Newcomb  are  obtained  in  a  similar  manner 
from  the  values  stated  in  "  The  Secular  Variations  of  the 
Orbits  of  the  Four  Inner  Planets,"  page  376. 
The  Flower  Observatory,   L899  July  24. 


Results  of 

1    l    \    l    REIEB 

-  0.09558 

Results  of 

N  1  B COM B 

-  0.09576 

"ll   of 

Gai  ss 
—  0.0957925 

L  dt  Joo 

+  0.554 

+   0.590 

-f  it: 

L  dt  Joo 

-  0.033  L8 

-  0.03306 

-   0.0330578 

rrfan 

L^Joo 

—10.061  6 

-10.061  8 

L0.061922 

L"*j«r 

+  0.536 

+  0.573 

+  0.55865 

\— 1- 

-10.549 

56061 

OBSERVATIONS   OF    VARIABLE    STARS, 

r.\    SIDNEY    I).    TOW  \  11.1  . 
Communicated  bj  the  Director  of  Detroit  Observatory.] 


Observations  of  the  variable  L582  STauri,  made  at   the 
Washburn  Observatory  in  1891  and  L892, led  rm 
([Publications  of  Washburn    Observatory,    Vol.   VI,   | 
page  32)  that  possiblj  the  period  oi  this   itar  v 
thai  published  in  Chandler's  Catalogue, 


In  order  to  settle  the  uncertainty,  a  sen.  3 

with  the  r.'i-ineh  equatorial  tele:  Dt  - 

in   1896  October,  and  continued,  except  when  inten 
bj  the  nearness  of  the  sun.  until   1898  April. 


1  In 
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rations  decide  decisivelj  in  Favor  of  the  longer  period,  aa 
1 1 1 : i v  lie  situ  by  plotting 

The  variable  1577  A'  Tauri,  being  almost  in  the  same 
field  with  S  Tauri,  was  observed  also. 

Ih,.  magnitudes  of  tin-  comparison-stars  ami  an  explana- 
tion of  the  methods  ami  notations  used,  may  be  found  in 
the  publications  above  referred  to. 


From  tin-  curves  oi  tin'  plotted  observations  the  follow- 
ing phases  have  been  determined.  The  first  three  figures, 
241,  ol  the  Julian  'late  are  omitted.  The  column  0  C 
was  derived  from  comparison  "t  the  observed  phase  with 
the  elements  as  given  in  Chandler's  Third  Catalogue  of 
Variable  Stare  i  A.J.  ::7'.i). 


I;  I  -i    I   i  v    ,n     (  (BSERV  \  I  I < > n -. 


No. 

Star 

Phase 

Mag. 

Date 
Julian           Calendar 

E 

O— c 

i:>77 
1577 
1 582 
1582 

R  Tauri 
I;  Tauri 

S  I',,, in 

*S  Tauri 

Max. 
Max. 
Max. 
Max. 

8.8 

s.7 
0.1 

3930      1897- Jan.    :> 
1257      L897  Nov.  28 
3949       1S07  .Ian.  L't 
1311      1898  Jan.  21 

39 

in 
36 

:;7 

—    7 

-24 
-38 

In  obtaining  this  max.  the  curve  above  10*  was  assumed  to  l>e  the  same  as  in  1897  .Ian.     Uncertain. 


Till;    REPSOLD  TRANSIT-MICROMETER   OF  THE   WASHBURN  OBSERVATORY 
AND   SLAT-SCREEN   APPARATUS,1 

By    ALBERT    S.    FLINT. 


References.  For  design  and  preliminary  experiments: 
Rbpsold,  A.N.,  1x1.123,  s.  177.  For  accuracy  of  observa- 
tion and  diminution  of  personal  equation:  Becker,  A.N., 
Bd.  127,  s.  185 ;  Albrecht  and  Kelmert,  Verhandlungen 
der  internationalen  Erdmessung,  1890,  pp.21  and  71,  ami 
1894,  p.  177. 

The  transit-micrometer  is  at  present  in  use  upon  the 
meridian-circle  of  12.2  cm.  aperture  in  a  new  series  of  ob- 
servations fur  stellar  parallaxes  by  the  method  of  meridian 
transits.  The  essential  feature  of  this  instrument  is  an 
auxiliary  screw  which  moves  the  eyepiece  and  is  geared  to 
the  regular  right-ascension  screw,  so  that  the  eyepiece  may 
he  made  to  follow  the  movable  thread.  One  revolution  of 
the  auxiliary  screw  makes  three  revolutions  of  the  microm- 
eter-screw, or  an  interval  of  18.9  seconds  at  the  equator. 
The  auxiliary  screw  has  a  turning  head  at  either  side  of 
the  micrometer  box,  so  that  the  observer  can  turn  it  by 
either  hand  alternately.  Automatic  signals  are  recorded 
on  the  chronograph  by  means  of  electric  contact-points  at 
each  tenth  of  a  revolution  on  a  head  adjacent  to  the  regu- 
lar micrometer-head.  These  points  pass  under  a  spring- 
lever,  which  is  held  down  by  an  adjusting  screw.  A  long 
signal  to  mark  a  zero  position  is  made  by  a  contact  point 
on  the  head  which  records  the  whole  number  of  revolu- 
tions. 

The  lever  has  required  somewhat  frequent  adjustment, 
L  it  this  may  perhaps  be  remedied  by  applying  a  long 
spring,  exerting  its  pressure  directly  above  the  point  of 
contact.  The  spring  should  be  adjusted  by  a  hand  screw 
with  a  head  1  cm.  or  more  in  diameter,  and  with  the  pres- 


ent leverthe  screw  should  have  at  least  50  threads  to  1  cm. 
The  turning  handles  are  of  celluloid  and  might  better  be 
finely  milled  for  more  secure  hold  when  the  observer's 
hands  are  cool  and  dry.  ('are  should  be  taken  to  leave 
the  slot  in  the  cover  plate  large  enough  that  the  motion  of 
the  eyepiece  may  he  perfectly  free. 

At  first  it  is  difficult  for  the  observer  to  movi 
thread  so  as  to  keep  it  upon  a  star;  but,  after  considi 
practice,   the   present    observer  obtains    for   the   prol 

error  of  a  signal,  under  g 1  conditions,    ±0'.030  tor  an 

equatorial  star,  the  same  as  for  a  single  thread  when 
observing  with  a  fixed  reticule  and  chronograph.  The 
method  adopted  in  the  present  series  of  observations  i>  to 
keep  the  space  between  two  movable  threads,  aboui  0'.70, 
bisected  by  the  star.  Preliminary  comparisons  indicated 
no  difference  between  this  method  and  that  of  keeping  the 
star  on  a  single  thread.  When  a  star  becomes  too  difficult 
for  any  reason,  the  observer  should  stop  abruptly  and  re- 
gain bisection  if  desired  by  rapid  movements  which  will 
leave   no  signals  to  cause  confusion. 

The  performance  of  this  transit  micrometer  in  general 
has  been  very  satisfactory.  As  shown  by  the  experience 
of  European  observers,  this  device  reduces  the  differences 
of  personal  equation  between  observers  to  a  small  fraction 
of  their  value  under  the  old  method,  and  it  is  expected 
that  it  will  also  avoid  practically  variations  of  personal 
equation  in  the  same  observer. 

This  instrument  has  also  a  device  for  recording  bisec- 
tions in  declination  for  subsequent  reading.  A  graduated 
head  is  placed  beside  the  head  of  the  ordinary  declination 


1  Head  before  the  Third  Conference  of  Astronomers  and  Astrophysicists,  Williams  Bay,  Wis.,  September,  1S99. 
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micrometer,  and  a  strip  of  papei  is  streti  a  two 

rollers  so  that  it  may  be  moved  along  under  the  arc  A 
lever  clamped  to  the  axis  of  tin-  micrometer  travels  be- 
tween the  arc  and  a  similarly  curved  bar.  The  bar  when 
pressed  down  by  the  observer,  causes  the  lever  to  prick  a 
plain  mark  upon  the  paper.  This  action  also  closes  an 
electric  circuit,  so  that  the  time  is  reci  m  the  chrono- 

graph. The  extent  of  the  arc  is  only  1-1",  so  that  tin- 
operation  of  the  micrometer  in  a  given  position  of  the  tele- 
scope is  limited  within  this  range.  The  head  for  turning 
the  micrometer  is  at  the  end  of  a  horizontal  axis  at  the  side 
of  the  micrometer-box  opposite  the  head  of  the  right- 
ascension  screw,  and  is  connected  by  bevel  gears  with  the 
axis  of  the  declination-screw.  A  mirror  and  lens  over  the 
arc  enable  tin-  observer  to  read  the  record  conveniently. 
The  eyepiece  has  no  motion  in  zenith-distance. 

The  graduated  arc  should  be  numbered  at  each  division. 
When  several   bisections  are  made  in  the  same  position   o| 

the  telescope,  confusion   of  marks  is  liable  t icur,  even 

when  the  micrometer  is  set  with  a  huge  inclination.  The 
full  advantage  of  the  device  is  gained  only  when  the  marks 
may  be  read  at  leisure,  as  are  the  signals  on  the  chrono- 
graph. As  the  strip  of  paper  is  liable  to  a  little  slip  side- 
wise,  a  continuous  zero  should  be  maintained  in  some  waj  . 
as  by  a  tixeil  stylus  pressed  by  a  spring,  or  the  micrometer 
head  may  be  read  off  in  addition  for  one  bisect  ion  o 
star. 

The  pricking  device  has  been  tried  upon  a  number  of 
stars  and  the  probable  error  of  a  single  mark  found  to  be 
the  same  sensibly  as  that  of  a  single  bisection  made  in  the 
ordinary   manner. 

The  screw  which  moves  the  eyepiece  maj  be  detached 
from  the  right-ascension  micrometer,  and  the  pricking 
lever  may  be  left  undamped  from  the  declinal  ion  in  : 

tl  r,     o  that   the  whole  may  be  reduced    in    its  mam   fi 

to  the  ordinary  micrometer.  It  is  not  convenient,  however, 
to  have  the  usual  number  id'  fixed  transit  threads  while 
making  full  employment  of  the  movable  thread. 

The  purpose  of  the  slat  screen  apparatus,  which  w 
signed  by  Professor  Oomstock,  is  to  diminish  the  ap] 
magnitude  of  bright  stars  by  mean    -  ohmenl 

Washburn  Observatory,  Madison,  Wis.,  1899  Sept.  is. 


zenith-distances.      A  frame-  of  aluminun 

■ 
before   the   object  i  25  mm.  w  . 

placed  as  to  be  barely  separate  v. heii  1.  plane. 

Bach   slat    rotates    api  □    its     ong  tudii  -.  and  all  are 

connected    by   a    toil,    which  from   them,   but 

mounted  upon  shorl  arms  fixed  to  the  axes  of  the  slat 
turning  with  them.     Sin  to  turn  the 

h  an  tingle  of  more  than  90°,  there   is  always  a 
:■■  for  turning  the  slats  if  the  arms   be  fix 
the  proper  angle  to  the  plane  of  the  shits.      For  syn 
a  similar  roil    is   mounted    on    the   other  side  of  the  frame. 
Tin-  s]ats  and  all  pieces  carried  '<<}  the  frame  are  also  made 
of  aluminum.     The  middle  slat  has  a  pulley  attacl 
its  axis,  over  which  a  wire  cord   passes  to  a  second   pulley 

to      The     telescope     tube      Heat'      the     eye-emi.  1 

branch  of  tin-  cord  contains  a  coil  spring  to  equal i 
tension.     The  weight   of  the   entire   apparai 
(0.76  : 

\\  hen    the    slats    an-  wide    open    : 

oration  of  the  star  images,  and  with  very  brig]  I 
the  interferes  e-pattern  appears  is  rcn  ol  n  i  te, 
stellar  points,  about  2"  apart,  extending  to  eil 
the  central  image  iu  a  line  at  right  angles  to  the  din 
As  the  slats  are  turned  tin-  interfi 
images  at  iii-t  become  brighter  and  the  lin 

E     Spectral     images,    while     the     cell'  : 

main  in  appea 

\         pri    cut  employed  the  slats  erpendicular 

to  the  meridian  so  that  the  line  of  inter 
in  line  with  the  meridian  :   and  the  attentiot 
while  maintaining  bisection  in   right-ascension,  has 
kept    upon  the  middle  group  of  three  or  five  images.     A 
comparison  of  the  transits  of  a  number  of  faint  st.. 

.   with    the   slats  wide   open   and   of   blight  stats  with 
the  slats  partlj  closed,  shows  no  difference  in  the  pn 
error  of  a  single  chronograph  signal. 

The  operation  of  the  apparatus  is  as  simple 
struction,  and  it   is  confident  ly 

tin-  nest   sat  isfai  ' 


DISCOVERT    AND    ELEMENTS    OF    A    MAV    VARIABLE    ST. 

r,N   r,   i .   \    iwi  -. 
i  ommunicated  by  Dr.  David  Gill,  I    B.,  etc.,  H.M.  Astronomer  al  tin-  Cape  of  (..-.'.I  Hope. ' 


\\i. 


C  /..  XV"  2254    -    <MM'.      54  6634, 
l;,1'  82™  42'     ,     —54    54'.  I     (1875). 

Professor  J.  C.  Kapteyjs  draws  attention  to  this 

a  list  of  stars  suspected  of  variability  which  he  forwarded 


■  ■    ('ape    Observatorj    in    December,  1896.      1 
marks : 

••  In  /..  ( '.  magnitude  = 

\l  :    :                    i]  ding  to  tin  a  I  -  i  =      9.7 

Magnitude  according  to  check  plate  =   10.2" 


II' 
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My  ob 

and  found  that  they  were  well  represented  by  ; 

period   of 

H 

12.68  days.     Here  is  the  comparison  —  rejecting  the  obser- 

L897  June  30 

8.5 

7  red 

L898  "rt.. 

17 

9.4 

vati I  1897  Sept.  24,  which  is  evidently  erro us. 

Aug.  12 
25 

9.2 

7    led 

2  1 

s.s 

•.i.:;.-, 

L899  Ma] 

I'.i 

9.1 

Sept.   •■: 

9  ii 

..yd. 

21 

9.25 

<  Observed  .Miu.                  <  'alcul&ted  Min. 

,,     , 

i: 

9.0 

s  red 

25 

1897    Lug.  27                     Adopted 

2  1 

Oct.     :; 

9.4 

red 

Jun< 

27 

;; 

8.8 

Oct.     3               1897  Oct.     2.1 

11                                lo.l 

+0.6 

-1.1 

1 1 

1898    \l>r.      7 

9.3 
8.9 

pel. 

o 

s.s 
8.75 

lv.is  May     7               L898  May    6.0 
is                            '    18.6 

t  i.o 
-0.0 

15 
29 

May      2 

8.75 
8.5 

S.'.l 

.,■,1 
ir.  red 

ii 
in 

M 

8.75 
8.75 
8.75 

June    1                       June    ii.:; 
11                                13.0 

+  (1.7 

+  1.(1 

0.7 

IT. 

IS 

ti..". 

S.'.l 

9.2 

red 

13 

i:; 
1.-. 

S.'.l 

9.05 

'.1.2 

July    '.i                        July     8. 1 

2n                             '    21  ii 

Oct.      17                                  Met.     17.x 

+  H.C, 

1    o 

ox 

21 
June     1 

s 
Ki 
I  I 

S.'.l 

'.1.2 
S.7 
9.1 
9.2 

is 
l;i 

22 

21 
2.-. 

8.8 

S.S 
S.'.l 

s.s;, 

S.'.l., 

7  red 

L899  May    21                1899  Maj   21.1 

June    :;                         June    3.0 

1.-.                                   15.7 

2  7  7,                                 2S.4 

HI 

0.0 

-d.7 
-0.9 

IS 

8.6 

26 

'.1.2 

2.". 
2.') 

9.1 
9.3 
9.0 

2(1 
26 

27 

9.3 

'.1.2 

'.1.:;:, 

My  times  of  observation  are  about   8*  p.m.,  so  thai   the 
spoch  would  be 

July      9 
15 

9.2 

s.s 

29 
30 

9.1 

S.'.l.", 

7  red 

1897  Aug.  27>.2o  G.M.T. 

2D 

9.2 

July 

1 

8.9 

25 

Aus-.    o 

12 

S.S 
S.S 

S.9 

2 
4 

8.9 
8.75 

and  both  0  and  C  require  therefore  the  addition 
the  dates  given. 

of  li'M'.-,  to 

Later  on  it  will  be  possible  to  include  the  C.P.D.  obser- 

vations in  a  determination  of  the  period. 

For  a  long  i  ime  1  could  not 

make 

anyt 

ling 

>f  the 

obser- 

The  fall  to  and  rise  from  minimum  seem  very 

sharp,  but 

vat  ions,  which  at  first 

were  t; 

iken  at 

too 

great 

an  interval. 

this  star  is  hardly  likely  to  be  an  .(///"/-variable. 

'I'll lor  of  the  star 

(7.1  or 

<    11  AXDLEE 

's  scale)  and  the 

The  range  of  magnitude  is  from  8.7  to  9.3. 

My  earlier 

lark  of  compat 

son-stars  in  tl 

e  field  of  the  7-inch  make  the 

observations  showing  a  wider  range,  are  not  equal  to  later 

chance  of  error  largei 

than 

usual, 

so  that  at 

times  I  was 

ones,  as  the  7-inch  is  now  fitted  with  an  eyepiei 

e  of  larger 

doubl  tul  if  all 

the  va 

iation 

shown 

was 

not  due  t  o 

errors 

field,  affording  better  comparison-stars. 

of  obsen  ;it  ion 

This  star  is  in  the  field  with  (.'ape  1880,  Xo.  8 

527,  which 

1  lowever,  I  ] 

icked  out  the 

nost  strongly  ma 

ked  minima, 

I  have  recently  found  to  be  variable. 

1899  July 


COMET  e  1899. 

A  cable  dispatch  from  Professor  Krei  iz  announces  the  discovery  of  a  comet  at  Nice,  by  Giacobixi,  on  Sept.  29, 
in  the  position  for  that  date  below.  The  second  position  given  was  also  received  from  Professor  Kreutz,  and  the 
third  from  Professor  Keelee  (through  Harvard  College  Observatory).  This  last  is  subject  to  some  uncertainty  from 
an   inconsistency  shown  by   the  control-word. 


Gr.  M.T.  a 

1899  Sept.29.313  1(;'l2<;":;2~ 

Oct.   1.27C7  16  31  0.7 

2.6658  16  32  59.7 


—  5  Id    -  Giacobini         Nice 

—  4  39  50         Cohn  Konigsberg 
-4  12  18          Perrine            Mt.  Hamilton 


N°-47<> 
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NOTES   ON    7AKIABLE    STARS,—  KTo.  30, 


Bi     HENRY     M 
W  Leonis.     Compared  with  elemi 
logue,  derived  from  the  original  maximum  observed  by  Dr. 
Pi  ii  rs  and  my  own  observations  from  L884tol891. 

t  liai  t  ime  it  lias  remained  in\  isible  at  the  time 


I'A  i;  K  II  r  RST. 

tion   until   this  year.     Reducing  tl 

■ 
all    my  observations;    but   the   amplitudi 


Results   isi  «\  \  nous. 


Observed  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

w 

Mag. 

Factors 

2735 

I    '    in.  Mia. 

MaxA 

1692 

1899 

17 

38 

9 

9.27 

3.20  2.31 

• 

ii 

" 

MaxB 

4761 

Apr.  16 

17 

+ 

31 

9 

0  15  0.34 

5 

2857 

U  Puppis 

Max. 

4763 

Apr.   18 

21 

0 

5 

9.2 

0.47  0  l" 

26 

sky  uncertain 

3060 

U  Cancri 

Max. 

1752 

Apr.      7 

.",.-> 

+ 

15 

-, 

12.4 

_       _ 

_ 

Very  taint  max. 

3184 

T  Hi/drat 

Max. 

1769 

Apr.  24 

52 

+ 

13 

9 

8.02 

L.30  0.68 

8 

:;s'.hi 

W  Leonis 

Max. 

1589 

Oct.    26 

25 

_ 

104 

1 

_ 

- 

3994 

S  Leonis 

Max. 

4774.6 

Apr.  29 

71 

_ 

7,7 

9 

10.30 

1.16  1.34 

27 

Corr.  still  inn 

4315 

/,'  '  omae 

Max. 

1867.6 

July  31 

69 

_ 

0.4 

9 

8.88 

0.65  0.82 

7 

El.  A.J.  384.  415 

i:::: 

T  Virginis 

Max. 

1808 

June    '_' 

11 

— 

2 

9 

-     • 

0.65  1.10 

P' 

1407 

Ii  ( 'orvi 

Min. 

4783 

May     8 

36 

E 

L2.0 

_ 

1492 

Y  Virgin  is 

MaxA 

4787 

May    12 

27 

0 

9 

8  72 

0.42  0.90 

10 

ii 

" 

MaxB 

1802 

.May    27 

27 

+ 

15 

<> 

8. 15 

0.28  0.40 

10 

1573 

1;  I '  Virginis 

Max- 

1661 

Jan.     c, 

2 

E 

_ 

A.J.  H5;  period  prob. 

1596 

V  ViTginis 

MaxA 

4750 

Apr.     7, 

58 

— 

::i 

8 

7.91 

1.16  1.30 

22 

<  <>rr.  unchai 

££ 

" 

MaxB 

177;; 

Apr.   28 

58 

— 

11 

2p 

6.8 

_ 

,.li>. 

ice,.-, 

11 T  Virginis 

Max. 

1752 

Apr.     7 

_ 

7 

8. 1 2 

1  02  0.81 

25 

Prob.  period  oi 

IS  17 

S  Virginis 

Ma 

4850 

July  11 

16 

+ 

19 

9 

7.09 

L.01   3.07 

23 

I'.MS 

li  t  'ait.  Vault. 

Max. 

1748 

Apr.      3 

11' 

— 

26 

lr 

8.0 

rlirr 

5037 

Ii  Ii  Virginia 

Max. 

1836 

June  30 

:;i 

— 

25 

5 

11.37 

Unusually  1, right 

.-,(17(1 

'/.  Virginia 

Max. 

1910 

Sepl    1. 

23 

E 

Probably  late 

7,171 

RS  Virginis 

Max. 

1731 

Mar.  17 

9 

— 

19 

1 

8.1 

Bigl    -:  nbs. 

5194 

V JBootis 

Max. 

1785 

May    P) 

21 

— 

in 

8 

8.02 

1  27  3.78 

10 

5237 

Ii  Bootis 

Max. 

1810 

June    1 

67 

— 

1 

9 

7.23 

1  11  0.80 

26 

524!) 

I '  Librae 

Min. 

4838 

July     2 

25 

E 

L3.3 

El.  A.J.  444 

2735  U  Can. 

(Continued  from 
Julian     Calendar 

1640.5  Di  c     L6 

4642.6  18 

18M 

4657.6  Jan.     2 
1665.5 


1673.6 
1687.6 
1696.5 
4700.5 
1705.5 
1710.5 
1724.5 
1730.5 
1737.5 
1746.5 
4756.5 
1757.5 
4759.5 
4760.5 
4762.5 


Mar. 


Apr. 


10 
18 
1 
10 
1  1 
19 
24 
10 
16 

1 
11 
12 
1  I 
15 
17 


Min. 

1  350.1 

Mag. 

9.1 
9.35 

8.83 

9  7:: 
9.4  I 

9.0a 

9.58 
8.88 
9.68 
9.66 
9.16 
9.13 
9.07. 
9.1  I 
S.7  1 
8.48 
9  23 
8  38 


Individual  <  >bseri  vtiou 

ii     in  IlBTBDB  C. 

2735U Can.Min.— Cont.         3060  I    Cancri. 


Julian    Calendar 

l  BM 

1763.5  Am     L8 

4764.5  19 

1765.5  20 

1766.5  21 


Mag 

8.46 
9.0 

S.'.i.V 

9.12, 


2857  V  Puppis. 

181 

1354.5   Mar. 


m  441.) 
Julian    Calendar      Mag. 

1  Sto 

4690.5   Fi  b.      l 
:    1696.5  10 

1715.5  Mar.     1 
1743.5  29 

1744.5  30 

Apr.      2 


1357.5  s 

1358.5  9 

1366.5  17 

1393.5  Ap..  l:; 

1423.5  May  13 

t715.5  Mar.     1 

1749.5  Apr.  I 
1750.5 

1756.6  n 
1771.7.  17 
4775.5  30 


lli- 
11.2: 
11.2  : 
13.06 

1 1  5 
9.8] 

1  l  .5 

lu.M 

L0.01 
9  71 
9.31 


17  17.7. 
1748.6 
4755.5 
1760.6 
1772.6 
1773.6 


10 
15 

28 


12.7] 
L2.7 

12.40 
1  l    p 
12  16 
12.1 
12.5 

12.0      I 


Pi  KS1 

3184   T  II 
Julian    i  alendar       Mag 

1748.6    \;i       3 
1750.5  .-> 


11 
17 
21 


3184   T  Hydrae. 

Dued  (nun  111. 

1715.5    Mar.      1 
1720.5  6 

1 1 

1 7 . :  7 . .".  23 


11.11     1746.5   Apr.      1 


10.3 

10.15 

[0.00 


1756.6 

1762.5 

1766.5 

1767.5 

1770.5 

1771.7. 

17717.  17 

28 
30 


Mil 

'.M.I, 


3994  S  I 

tinned  from  441. 

Julian    Calendar      .M 

4719.6 

1717  7.     \ 


26 


- 

8.4] 
8  12 


1755.5 

1772.6 
1779.6 
1784  ."• 
1787.5 
1790.6 


10 
15 


M 


I 

UOll  IT, .in  411 

1669.7  Jan.    1  i     10.4 
1673.6  is     11.07 

1687  6  Feb.      1     11.49 


■ 

01; 

54. 


1315  Ii  I 


IS58.6 
i 

\ 
1871  6 


• 


II I 
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137 
Julian 

1747.5 
1756.6 

it:.;..-. 

177  1.7. 
1779.6 
1784.6 
1785  fi 
1786.6 
1787.6 
1790.6 
1798.6 
1799.6 
1800.6 
180]  6 
1805.6 
1810.6 
1816.6 
L823.6 
1829.6 


rinis. 

i  Mag. 

Apr.     2  12] 

II  12] 

28  L1.6 

29  11.35 
I  11.49 

9  9  83 

H»  9.78, 

I  1  9.99 

11'  L0.20. 

15  9.52! 

May   23  9.86 

24  9.87, 

25  8.52! 

26  8.73J 

30  8.38j 
June     I  7.7S. 

in  9.1L 

17  8.56! 

23  8.96 


1492  Y  Virginia.     Cont. 
Julian     Calendar 


1771 
I  7  7'.i 
I7,s| 
1785 
1786 
4787 
I7:in 
1798 
1799 
I  si  11 1 

ISO  I 

isii.-, 
1810 
1816 
1822 


5  \|.i.   29  9.60, 

6  M.i\  I  9.58 
.6  '.•  8  72 
.6  in  8.78 

II  8.71, 

.6  I-  8.68 

6  15  8.56s 

6  23  9.63, 

(i  .1  8.78 

.6  25  8.26, 

6  26  8.31s 

6  30  8.48 

6  June     I  9.41 

6  in  9.13 

6  16  L0.29, 


IK  17  I!  Corvi. 

aueil  i>' in  1 

I77.7.I-.   Apr.   12     11'] 


1492   )'  Virginis. 

( 1  144.  Comp. Stan 

1800 

lil.  .5  Apr.     2  1 1 

1755.5  Hi  in 

4757.6  12  11 
4759.6  II  10. 
1760.6  15  10. 
4762.6  17  10. 


I7.i  .">  RV  I  'irginis. 

tlnuc  11 111 

1730.6  Mar.  16  10.0 

1731.6  17  '.i.7ii 

1744.6  30  '.i.7'.)., 

17  is  5  Apr.  3  9.81s 

177::.  (i  28  10.3p 

1779.6  Maj  I  L0.5p 

1596  U  Virginis. 
(Continued  from  44).) 

4730.6  Mar.  16  9.0 

4731.5  17  9.03 

1731.5  17  8.99 

1744.6  30  7.73, 
17  is. 7,  Apr.  3  sin, 
4757.6  12  7.81, 
1759.6  14  8.03, 


1596  '  Virginis 

.luliiui  Calendar      Mag, 

1  ■  •■, 

1760.6  \  1  -  r.    17,      8.29, 

1764.6  L9      8.33, 

1773.6  28      6.8p 

1779.6  May      I       c.'.n- 

1665  /.•/'  Virginis. 

,  aed  1  rom  114. 

1730.6  Ma"!  L6      8.6 

1731.5  17      8.48 

1744.6  30  8.47, 
17  is  7,  Apr.  3  8.11, 
1748.6  3  8.4p 
I77.7.C  11-  7. '.M„ 
1759.6  1  I  8.53, 
1760.6  15  8.53, 
1764.6  19  8.42, 
1774.6  29      8.7p 

Is  17  S  Virginis. 

1  , mi  ii',,  11,  in  1  omp.S 

177.7,. r,  Apr.   11  12.4 

4775.6  30  11.1 

1787.6  May  12  11.11 

1810.6  June    4  10.12, 

4817.6  11      9.98; 

1822.6  16  10.13, 

1828.6  22      8.67, 

1835.6  29      7.87, 

1843.6  July     7      7.00, 

1850.6  '    11      7.00, 

L854.6  18      7.20, 

1858.6  22      7.11, 

1866.6  30      7.16. 

L874.5  Aug.     7      7.26" 


1948  l:  Can.  Venat. 
Julian    1  alendar      Mag. 

17  is..;  \|,i.     3  8.1p 

1774.6  29  '.1  If 

1779.6  Maj     5  9.0p 

1836.6  June  30  IO.If 

1839.6  Julj     3  in.  1 1- 

D037  /,'/,'  Virginis. 

Contlot lit 

1 B9S 

177:;. 7,  Apr.  is  13.0 

1786.6  May   11  L3.0] 

1805.6  '    30  13.0 

1816.6  June  10  12.5: 

1835.6  29  11.5 

1836.6  30  11.27, 

1839.6  July    3  1 1.17, 

1845.6  '.1  11.86 

1862.6  26  11.8; 

1866.6  30  11.82, 

.",11711   '/.  Virginia. 

tinned  froi 

1 -'.,., 
177:;.*;   Apr.  28  bo 
1847.6  July  11     12.3] 
6  1  lutes. 

7417  I  RS  Virginis. 

(Continued  from  415. 

.'.I 

4748.6  Apr.     3  8.26, 

4757.6  12  8.82, 

1766.6  21  8.72, 

1786.6  May   11  9.18„ 


5194    V  /• 

,  ..hi  from  in   Comp  SI 
Julian    Calendar      Mag. 


1770.6 

Apr.   26 

'.i  2 

1774.6 

l".l 

1779.6 

1785.6 

in 

1798.6 

23 

1816.7 

June  1" 

1827.6 

21 

8.41, 

7,:':;  7  /,' 


■  ■■.  hi  i  omp 

1770.6 

Apr.  25 

8.9 

177.4.7 

28 

9.25, 

1779.6 

Maj      1 

9.21, 

1785.6 

in 

8.11 

1798.6 

L'-4 

7.27  ,: 

isii7.il 

June    1 

7.47  : 

1808.6 

2 

7.02, 

181  1.6 

8 

7.02 

1822.6 

16 

8.02, 

4825.6 

19 

8.41, 

4836.6 

30 

s.r.f 

5249  V  Librae. 

i  ,,nt  from  til 

1773.6  Apr.  28  bo 
4866.6  July  30    13.3] 

8  i  kites. 


Comparison   Si  uts,   1893-1899. 


2735  UC, 

Star  MM. 

/.  +8  lsis 

.1/  +8  L832 

1  N  I  s  1 842 

2T  +8  L846 

Z  +81847 

a  5s3p    2T 

c  6/          d 

,/  :\f         a 

h  3s/        d 

,"       lr 

/.'  -In,,           Y 

1  \s 


'i,i.    Win. 

Mag. 

7  98 

8.49 

S.77 

8.89 

10.67 

10.4.4 

11.10 

1  1.23 

12.18 

j  •>  .,., 

12  16 
12.80 


1994  S  Leonis. 


Star 
/,' 
T 

1  T 
X 
Y 

i  r 
z 


DM. 
1-6  2409 
+-6°2413 

+  !•,_•  114 
4-7°2424 
+  7  2425 
f7  2427 
t-6  -111 
14/  /.' 
11, IV  E 

nsif  i; 

4s  " 

2sZp      d 


Mag. 
9.24 
9.14 
9.38 

li  i. L'u 
10.30 
8.99 
1U..47, 
10.21 
10.78 
1  1.06 
ln.71' 
11.73 


;; 

24 

31 

3 

11 


4377  T  Virginis. 

Star             DM.  Mag.  i, 

I,  _4::;i:;t.  6.27  1 

1/  -5°3463  7.52  I 

./  -5°3465  7. .41  II 

X  _5°3459  8.23  17 

i;  _4°3250  8.87  2 

A'  -5°3458  10.28  22 

Z  -5°3460  10.53  27 

d  ln6p     Z  11.30  9 

2n2p      V  11.62  5 

I  6/          h  12.09  0 

k  3/         h  12.17  0 

/  3»1/     h  11144  0 


5037  /,'/,'  Vir 

Siar  DM, 

C  -8°3689 

j)  —  s  '3696 

/  _8°3693 

W  _8  3686 

X  -8°3694 

\X  -8°3687 

Z  -8  3695 

d  6s3/       I 

5*3/      .; 

h  2p         d 

i  3s  g 

j  3w6/      C 


'JtiliS. 

Mag. 

6.53 

6  50 

8.06 

10.51 

10.62 

1  1.02 

L1.35 

11.44 

11.94 

12.35 

12.29 

11144 


9 

11 

24 

4 

13 
4 

1.4 
'.I 

8 

4 


CONTEXTS. 

in:    Secular  Perturbations  of  Venus,  bi    Erii    Doolittle, 
i    .        Sta  rs,  bi    Si  ds  i  \    D.  Townley. 

THE    Kill's.)  I.  [>    Tl;  W-I  l-.M  li   ROMETER    OF    THE    WASHBURN    OBSERVATORY    AND    VI    w    Si   81   EN    APPARATUS,    RT    Al-BERT   S.    FLINT. 

Discovers    \m,  Elements  of  a  New  Variable  Stab,  by  R.  T.  a.  [nnes. 

t  ..mi.i   .    1899. 

Notes  on  Variable  Stars,  — No.  30,  by  Henry  M.  Parkhurst. 
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OX  THE  INEQUALITIES    IN   THE  LCNAR  THEORY  STRICTLY    PROPORTIONAL 

TO   THE   SOLAR  ECCENTRICITY, 

By  <;.  W.  HILL. 


This  article  is  in  continuation  of  that  in  .I.-/.  No.  .'■!.">.'!,  to 
which  the  reader  is  referred  for  the  explanation  of  many 
of  the  symbols  here  used.  I  have  there  elaborated  numeri- 
cally the  special  case  of  the  theory  in  which  we  have 
e  =  0,  y  =  0,  e'  =  0,  the  symbols  having  the  signift 
Dki.ainay  attributes  to  them. 

In  the  further  elaboration  of  the  problem  the  order  of 
the  introduction  of  complexity  into  it  is  not  indifferent. 
For  it  is  plain  that  if,  as  the  next  step,  we  treal  th  i  a  e 
in  which  e1  is  to  have  a  determinate  value,  bul  where  still 
e  =  0,  y  =  0,  we  shall  not  be  troubled  with  considering 
the  motions  of  the  perigee  and  node.  Also  the  - 
will  be  more  easily  handled  if  we  do  not  attempt  to  take 
account  at  once  of  terms  of  all  dimensions  u  h 
»■',  but  in  succession  of  those  of  one,  two,  three,  i  tc  .  dimen- 
sions. Probably  it  will  not  be  necessary  to  go  beyond- the 
fourth  dimension. 

A  tier  this  is- done  it  will  he  possible  to  consider  a  lunar 
theory  in  which  e  has  a  determinate  value,  but  in  which 
still  y  =  0.  The  motion  of  the  perigee  must  now  be  re- 
garded, but  that  of  the  node  need  not  yet  be  attend 
Tn  like  manner,  as  before,  we  divide  the  investigation  so 
that  terms  severally  proportional  to  e,  t  ,i  .  etc.,  maj  be 
separately  considered. 

Finally,  the  complete  form  of  the  lunar  tl v\   is  elabo 

rated,  in  which  y  has  a  determinati  the  latitude 

of  the  moon  is  considered.     Here  it  is  li- 
the motions  of  both   perigee  and  node.     For  a 
as  before  we  divide  the  work  so  that  terms  proportional  to 
y,  y-,  y8,     etc.,  may  be  separately  obtained. 

I. 
In  the  former  article  n  was  supp  I  ie  motion  of 

the  sun  about  the  center  of  gravity  of  the  earth  and  moon 
was  circular,  ami  w  e  put 

r>  =  ,/',  1  4-A'i     ,     \'  =  «'+  n't 
Here  we  propose  to  take  into  account  the  ecci  i 
this  orbit,  neglecting,  however,  all  powers  of  this  quantity 


above  the  first.     The  differential  equations  for  the  moon's 
coordinates  are   the  same  as  before,  but  we   now  assume 
that 
r'  =  a'(l+K)  —  a'e'  cosl'      ,       \'  =  c' +n't+ 2e'  sin/' 

Qg  the  mean  anomaly  of  the  sun.  Then  the  function 
R  "i  the  preceding  article  ought  to  be  augmented  by  a 
quantity  Z  which  is  given  by  the  equation 


Z  = 


'C0Sc" 


;    —  !■ 

dr  <>4, 


Employing  here  the   rectangular  coordii 

i  /,'  and  Z  are  expressed  in  terms  of  them.     In 
forming  the  equatii  '  ition  we  employ  the  m  I 

d2R       „  ■'■/•         r  •'-/.' 


=  // 


=  J 


=  A* 


dxdy 

and  call  the  augmentations  of  the  coordinates  whi. 
strictly   proportional    to   <■'   by    the    designations    <v-.  &;/. 
i  aquations  are  then 

-—  =  //6.r  +  Jbij  + 
,    =  A  6y  +  J6.r  + 

<IT~  <>IJ 

In  this  particular  case  we  no  longer  have  the  Jacobian 
.I  in  tiuite  terras,  but  we  may  havi  sed  by 

an  infinite  periodic  series.     Let  us  put 


,IM 


—  —e'  cos/ 


- 
</tL      <>r'] 


Although  .1/  cannot  be  had   in  finite  terms,  nevi 

the  right   member  is  a  known  function  of  r,  this  quantity 

is  expressible  by  an  infinite   peril 

ion,    which    here    takes    the    place    of    th( 
integi 

l;i  —  ydx 


d, 


=  R  +  M  +  C 


ader  la  asked  t"  discriminate  ihe  two  uai 


16 


Mil.      \  SI'  RO  n  OM  ICA  I.     JO  D  R  N  A  L. 


V   171 


In  taking  the  variation  of  this  equation  we  note  that 

when  the  arbitrary  constant  C  ia  developed  in  powers  of 

even    powers   present    themselves;  consequently 
8C  =  0.     Bj  putting 


/•'  = 


+  I".'/ 


dy 


it  is  plain  the  variation  of  the  lasl  equation  may  be  given 
the  form 

Fd^  +  GdBK_dFSx_dG 

(It  i/t         (It  (It 

It  is  also  evident  that  the  quantities  /■',  G,  II.  J,  K  satisfy 
the  relations 

g-~+«  .  ■;%  — 

In    place  of  the  unknowns  Sx,  8//  we  propose  to  adopt 
i>,  (T  such  that 

Sx  =   Fp     ,     hy  =   <!(T 
The  three  equations  to  variation  then  become 

,,>Z 

,).r 

dZ 

■"./ 


<h 


M 


of  which  the  last  is  plainly  a  consequence  of  the  first  and 
second.     For  the  sake  of  brevity  employing  the  additional 

notation 


L-  =  JFG 


*%-*%) 


and  introducing  a  single  new  variable  w  to  take  the  place 
of  p  and  tr,  the  third  equation  to  variation  is  satisfied  by 
making 


Fl  '\9    =  i  M  +  Aw 

i/t 


G*^=iM-Lw 

(It 


From  the  first  and  second  of  the  equations  to  variation  we 
can  obtain 

d\  Aw  1 


dT 


+  H  (p  -  «■)  =  N 


Dividing  by  A-  and  differentiating  we  get 


Bui 


ri  [~  1    d  (£w)~|      rip        </<r  _    <7 

rirl_^  ~ ri7~ J  +  rir    ~  7£   ~~  cT^ 


dT  (h  -        \F2 


i-,Wi+' 


<;-)  '  ~\f1  '  a--/ 

Substituting  this  in  the  preceding  equation  and  putting 


7r^     G~\      ,  tPIr1 


the  linear  differential  equation  of  the  Becond  order 


ri-w 


.  +  ©w  =  W 


is  obtained  for  the  determination  of  w. 

The  value  of  w  resulting  from  the  integration  of  this 
equation  would  have  the  general  form 

w  =  .45+  BT+  V 

A  and  /»'  being  the  arbitrary  constants.  As  S  and  T  are 
periodic  functions  involving  the  mean  anomaly  of  the 
moon,  and  as  the  solution  we  need  ought  not  to  have 
terms  of  this  sort,  it  is  necessary  here  to  assume  thai 
A  =  0,  B  =  0.  Thus  w  =  V,  where  V  contains  only 
terms  of  the  same  periods  as  those  occurring  in  //'. 
After  w  lias  thus  been  found  we  have 


S.r 


-*) 


\  M  +  Aw 
F*~ 


*  =  of^ 


<;■ 


Here  the  two  arbitrary  constants   must  be  so  taken  that 
Sa  and  ?></  may  have  no  terms  independent  of  /',  the  mean 

anomaly  of   the   sun.     The  variations   of   the   1 'di 

usually  adopted  are  then 


8   -    = 


3('-&''  +  .'/3.'/) 


6\  =  —t(x$y—y8x) 


II. 


Although  the  preceding  treatment  constitutes  a  solution 
of  the  problem  in  an  analytical  sense,  and  possesses  much 
elegance  on  account  of  the  simplicity  of  the  square  of  the 
velocity  as  expressed  in  terms  of  the  differentials  of  the 
rectangular  coordinates,  it  presents  difficulties  in  practice 
when  the  quantities  involved  must  be  developed  in  infinite 
periodic  series.  The  quantities  F  and  G  periodically  van- 
ish, which  prevents  the  development  of  their  reciprocals 
in  infinite  series.  These  difficulties  can  be  overcome  In- 
putting the  factor  which  makes  the  quantity  vanish  in 
evidence  and  executing  the  integration  in  accordance:  the 
infinities  then  disappear,  But  the  easier  treatment  is  to 
have  recourse  to  polar  coordinates. 

We  adopt  as  variables  for  expressing  the  moon's  position 
if/  =  log  /•.  and  cf>-  In  order  to  avoid  the  writing  it  we 
suppose  a  =  1,  and  adopt  the  Fof  the  preceding  article. 
Then,  supposing  J*  and  Z  in  terms  of  ^  and  <£,  the  differ- 
ential equations  of  motions  are 


t-V  [^t  +  d^~  _  **?  -  2m  -^1  = 

\_(h-        (/t"        (At"  (It  J 


£     [_Jt-  ^       (It  i/t  + 
and  the  Jacobian  integral 


dxf\      _      d  V 


dv     dZ 

dip       ~9ijf 


dZ 
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in 


& 


-/>.'-•  +  ■/,/,-■ 

d? 


V+2  1/ 


Let  the  increments  of  0  and  <f>  having  <■'  as  a  factor  In-  de- 
noted  by  8^  and  80.     To  facilitate   the 
can   suppose  the  existence  of  two   variables  p  and  ir  such 

that 


^    =    dr  P  +  dr~ 


r/0 


dif, 
~dr 


It  is  very  plain  that  the  values,  p  =  a  constant,  <x  =  0, 
must  satisfy  the  equations  to  en rial  inn  which  result  from 
those  of  motion  and  their  integral.  Thus,  when  we  obtain 
these  equations  expressed  in  terms  of  p  and  a-,  in  every 
case  the  factor  multiplying  p  must  vanish  :  we  need  not 
therefore  go  through  the  formality  of  deriving  it.  Hence, 
in  making  the  transformation  from  Si//,  80  to  p,  a-,  we  can 
limit  ourselves  to  the  expressions 

d<f> 
It 

dij/ 
dl 


ty  =       £, 


dty 

~d7 

d&<j> 

(It1 

(/-&4> 

~chf 


dij/  dp         d '0  da 
(It  (It         i/t  iIt 


d<j>  dp 
dr  (It 


d\fi  <I(t 

(It    (It 


d2<f> 
d?  ' 
dhp 
d?  ' 

(/-ip  dp 


dxp  d'2p        d(j>d-<r  dtydp       -d^da       dn4> 

,/r  d?  +  <h  (It-  +  ~  (It1  ,(t  +      d?  <h  +  d?  ' 


<l<k  dy 

dT  dr'2 


d\f/  d-<j  d-<f>  dp 

(It  (It:  (It-  (It 


dtydo 

d?  'It 


In  these  expressions  we  can  eliminate  the  second  and 
third  differentials  of  0  and  <|>  by  means  of  the  original  equa- 
tions of  motion. 

Subjecting  the  Jacobian  integral  to  variation  we  find 

[-A/,  </80     </0  dS4T\  dp        Td+d-<p      d<pd^l 

■*  [,77  777  +  Tt  -dV]  =   VTT+l  ^87 d?  "    Tr  d?\ ° 


F80 


V-t-  <r 


,.,,         ,[<>Vd4,      -oVd4T\ 
-*8'   =  ^770  ,/r     ,v  dT~\a 

The  sum  of  these  three  e(|uations  gives  the  en  rial 
the  Jacobian  integral. 
But  we  have 

rfyd^_d+d*f\  I  .T,/V        91   df]        (d<f> 

[jIt  (It-        (It   ,It:  "  L<>0    dr  90dTJ  V'^ 

Consequently  the  equation  to  variati lerived  from  the 

Jacobian  integral  is 


r>0     ,/r  .>(,'       </r 


,/r 


or,  if  we  put 


ipi'./i     ^rrf^i 


/'|  90    «/t  >V0    (It 


it  will  take  I  he  form 

dp  M 

(It    =      V+   I' 

It  is  necessary  to  derive  still  another  equat  i 
Hon   from  the  original  equations  of  motion.     Then. 

take  the  variations  of  both  and  multiply  the  first  i 

and  the  second  by     — y- ,    it  is  plain  from  the  equivalents 

we  have  given  for     — T%    and     — -  .,  ,     that  noi 


(It1 


,/r~ 


the  term   in  p  vanish,  but  also  the  term  in     — g,.     < 
quently  the  resulting  equation  will  be  of  the  form 

.  d*a       ,.  dp         ,  da 
•  I      ..  4-  I'-       +  '   -,    +  Da  =  y 

(It-  (It  dr 

We  can  eliminate       ''    from  this  by  means  o\  thi 

(It  J 

equation,  and  ineai  equation   ■ 

second  order  for  the  determination  of  a. 

I ']  i  ici  ed  ng  to  the  derivation  of  tin-  equal  ion  I 

we  divide  the  somewhat  complex  mass  of  terms  into  four 
parts. 

1.  Make  the  second  derivatives  in  tl [nations  alone 

to  vary  and  we  get  the  terms 

But  by  differentiating  the  equations  of  motion  it  i 
that 

<23+*3]--''3-'[4«(£+-)] 

,/r,-Y      ,     "i'  ■  /,.-         d*y  v 

dr  dr  +  -  \_dtf1   dr1  +  ' 

2.  By  making  only  the  first  derivatives  in  the  equ: 

to  \ ,iv\  we  get  the  terms 

CD  -..•;: 

+  , ■[,,,,(>„),, 

By  making  only  the  common 

equations  to  \ar\    we  get  the  terms 


.111. 


>-['■       - 


l.     Inline.  l>\  making  only  the  second  mem 
ons  to  varj  we  get  the  I 


IIS 
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"N'        ~*|_"jty    t        ",V.'./>    dr8  "** 9<f>2  dr* J 

Bj  adi  a  four  divisions  oi  terms  we  ai 

equation 

ar   dai     A  dp    r  (fv    .->■    29V\*r-d? 

dr  L       dr  J  +        '  dr  +  [    ^ZtyS         <^'J        "  <>V  7         dTa 

"  V>i/^</>        „»<f>  J    ilT-    j 
dZ  d<£       t>Z  d>p_y 

~    <)\\i  dr         <>$  <It 

No  symmetry  is  apparent  in  the  coefficient  of  a  as  writ- 
ten in  this  equation,  but  it  may  be  given  the  following  form  : 

I  ,i  Vty      >>  V  djT\  tfy 
'  [_",;,/,  <It  +   ,)<)>  dr\dr 

fd'Vd^      0  Q2V    d<j,  d<f>      o1  V  dtf-\ 
+  -  \lhp  dr2  +  "  9+0$  dr   dT  +  d<j>2  dr2  J 

~   ■      dtf   dr8         "  >>&<>&  dr    dr  +  dd,1   dr2 


+  \_d$  dr 


Eliminating    ■—■    from    th [uation   by  means   of   the 

value  given  by  the  equation  to  variation  derived  from  the 
.1  aci  hian  integral  we  ha\  e 


)       dr1 


,i       djn         ,  i         i      „,-r 

,ItI   *  J  L  \dT*     ■■■     '  >><p 

In  order  to  reduce  tliis  equation  to  the  simplest  possible 
form  we  introduce  a  new  variable   w   such  that 


a-   =     V~*  w 


If  we  put  V  for  the  coefficient  of  a-  in  the  equation  be- 
fore    —     was  eliminated  we  have  the  equation 
dr 


-AM 


d'lss  ^Tn+^  +  i1^     i d'2  Fl         ^~  4 


But 


-     <<T2  |_  o>f2    dr-        "  o^o^     dr2  3^s   dr- J       *  |_  ,)^    dr1  +   <>$   dr2  J 

=      L^A2   d?  +  "  r7/^     dr2        "^2  dr2  J  ~~  7  |_0^  dr        .AJT  dT  J  dr 

+  *  Lw  s  -  ^  dvj  («7  +  m)  +  *  ^iw  +  W] 

■r  =   1  [WW      dVdVd+d$    aK'dfi    mp^#     g^df] 

1  4  ^  |_  9^2   dr'2        "  (>i/r    0<^      dr2  9<j>2    (Zr2J  |_r^   dr         o*(f>    drj 

1   Tc>  F2  di/r  OVdVdtydi?      dF-  djrl 

V    dr2    ~    Tl'\lhf    d?  df    d4>      dr2  ~chf2    dr"] 

By  the  assistance  of  these  expressions  we  obtain  the  equation 

''         4    ^'i^i    r  dr2         *   dr2  *[_^    dr       3(J)    drjdr"1""^    dr  o></>    dr  J  dr 

■  |_r>^'  dr2  -9i^9(|)    dr2    +  0({)2   "dpj 


L  1    dV 
*  Is 


Consequently,  if  we  put 

i  r/fr-v     ifV\d4r  _ 


\t}fcfif> 


<)  V\d,;.h\ 

~7h\<  j     dr- 


0    =    iJi+.L 

-V-  /,.v 


fd"  V     d  V\  dtf,-' 

'     ,.v+^Jd5_H 


ir  = 


Vr 


the  equation  determining  w  is 


dL'w  „ 

— +0w   =    W 


3*H    *r>+^ 
Attending  to  the  integration  of  this  we  put 
w  =  2  b  cos(Z'+iV)     .      W  =  2"  Wt  cos(l'+ir)  , 

&  =  2"0,  COSi'r 

These  summations  are  extended  from  /  =  —  oo  to 
i  =  +00,  and.  in  the  last  equation  we  have  ©_,  =  0,. 
Thus,  for  the  determination  of  the  unknown  coefficients  b  , 
we  have  the  group  of  linear  equations  represented  generally 

by 

-  (./  +  m)2  b,  +  .1 .  0,-  b,_,.  =    1/  ' 

For  the  degree  of  approximation  we  wish  to  attain  it  is 
necessary  to  go  from  b_]0  to  b,0;    thus  we  have  21  equa- 
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tions  with  21    unknowns.     These    we   solve   b 
approximation.     First   we   limit    ourselves    to    the   5   un- 
knowns from  b_,  to  b2  and  thi  5equatioi] 
determine  them;  afterwards,  with  these  values,  it   is  easy 
to  obtain  values  of  the  remaining  unknowns  b 
sponding  degree  of  approximation.      With  these  '.alms  tin- 
final  terms  of  the  5  equations  may   be  corrccttil    ami    tin 
operation  of  solution  repeated.     A.bou1  tl t  repetitions  of 


this  procedure  suffice  ti 
cision. 

III. 
In  reducing  the  preceding  1 1 

We  '  here  gave  the  values  oi  -  and 
semi-circumference  of  bhe  argument  t.      I 
ing 


IV  =  C  +  (l  +  m)!  "  +  .',-  ms  -  +  a. '"  l',;  COS2A++1 


+  u„  -,  [£  Cos."..'.  -f    I   COS(f>] 

1   «,^[||  cos44>+  ,;.  cos2<f>  +  &] 

,.6 
+   «4-J 


for  facilitating  the  computation  of  special  values  of  this  :    r,  r'  and  .,'.,  we  give  the  following  tables  of  the  values  of  its 
function  and  its  several  partial  derivatives  with  respect  to      several  terms: 


' 

(l+m)«(5-l) 

1   ,  )■- 

8   r- 
-  a,       ,  <■(><  24 

t  a* 

l   /•- 

5 

=  cos:5o 

■ 

o 

n 

11 

is 

IS 

IS 

0 

+  917  68107  2 

+  321  75273  1 

+482  6276036 

+  160  87586  76 

+  1  00211  1'.' 

15 

803543839 

322377451 

U6  34669  54 

101  L8822  54 

+  6999523 

30 

494001323 

321  ososs:; 

4  2358010601 

L62  03993  89 

2l 

45 

+  76  72033  2 

32(139805  9 

_  95787367 

L63  L9882  30 

71  i 

60 

-333  16944  1 

328701365 

2535612983 

L64  3501728 

1  0344301 

75 

027  2757 1 9 

33036573  1 

i:;i  35825  30 

105  L8235  15 

72727  17 

90 

72823916  1 

33094059  6 

496  1089806 

L65  16978  15 

-    192  2H 

105 

60952328  6 

33026481  1 

431  M»ls;;  (is 

L65  13189  30 

+  72428  55 

120 

—299363477 

32850897  5 

254304  1 1  i-.n 

16425397  80 

1 03343  56 

135 

+  12157712  0 

326  L3157  8 

-  10  10897  1- 

L63  06528  30 

74582  34 

150 

552138113 

323759925 

+23505589  87 

101  87946  01 

+   2785  70 

165 

867  9S7  1  7  5 

321'  ill'  I5d  5 

H5  73832  07 

101  01175  27 

-  6981325 

180 

+  984  2  1.".09  5 

+  321  3S92I  9 

+  482  08237  79 

•  L606941259 

11  13 

0 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

105 

180 


3   r» 

:',.".   ,-' 

**"■,?'"'- 

,-.." 

+  0()120  7l' 

+  221  23 

5S10S01 

+  107  18 

5237  1  80 

-118  82 

43013  11 

227  10 

3059628 

-  1(18  70 

15020  21 

+  12021 

+   38  1 1 

234  04 

-15841  12 

+  121  08 

30512  II 

-107  77 

12922 8  1 

227  08 

52278  10 

-119  0  1 

58068  18 

+  1O07I 

00(12180 

+  220  73. 

18 


t  126  12 
L09  27 

+    02  21 

-    2  :>:< 

07  85 

11601 

L3374 

110  09 

6801 

2  70 

*  6195 
10899 

+  120  13. 


9 
64° 

t  56 
57 
57 
58 
59 
59 
60 
59 
59 
58 
57 
56 

+  50 


04 


+  50 
+12 

15 

+  28 

t  51 

0 

51 

+  35 

•    15 

-12 

50 


+  28 
+  20 

-  1 
21 

-29 
-21 
0 
+  21 
+  29 
+  21 
+  1 
10 

—  28 


23 

21 

17 

12 

+    7 

0 

6 

12 

17 

21 

23 

24 


L20 
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T 

3   *■- 

15 

:;   *   :  * 

16" 

5       816 
128 

105 
128" 

15 

64  " 

15° 

191  895213" 

2  16365  s" 

n 

1 5897 5 

i] 
-7780 

il        u      n 
L291     •-'."■    -6 

u 

-1 

30 

850200768 

303801  8 

..usiii  7 

-761  6 

2243     12 

9 

1 

i;. 

97900551  6 

2  1(17:;;;  7 

43863  1 

+  356 

260  1    M:i 

-6 

2 

60 

84570794  1 

+   7709  2 

54022  3 

814  7 

226  3    1-22 

0 

2 

7r, 

IS7  83993  1 

2  24124  0 

60497  1 

799  1 

L31  2    -  8 

+6 

■> 

90 

-  1216986 

3  L3601  7 

62720  1 

4-  2  3 

g      97 

9 

3 

1 1 15 

+485  65631  7 

2  24793  1 

604886 

—7967 

+1306    -  8 

+6 

■  » 

L20 

844 1411 5  4 

+   8684  2 

."iloii7  1 

8 1 5  5 

225  7    +22 

ii 

•  < 

135 

978  L7019  3 

-2  09900  7 

138460 

—  38  7 

2603    +19 

—6 

■_' 

l.-,ii 

849925552 

3  033360 

30826  1 

+7690 

2240    -12 

8 

1 

L65 

1  I'.H  872785 

-216205  3 

-15889  5 

+7769 

+  1289    -24 

-<; 

-1 

T 

** 

,  ''' 

' 

** 

i  ,l0 

0  N 

0.00859,82784 

105° 

7.86631621n 

9.9923604082 

L5 

7. s.v.hi  1872 

0.00740  23642 

120 

8.0993317371 

9.99564  U626 

30 

8.09402940 

0.00414  MM  I'M 

L35 

8.1629  82IH'// 

0.00011  68 

426 
576 

15 

8.151  1  7491 

9.9997358223 

L50 

8.1032  L855n 

0. .0  21 

60 

8.0818  5997 

L65 

7.8669885271 

0.0078981 

733 

7:. 

7.8314  6683 

9.99221  44191 

180 

0.00910  7fi 

964 

90 

6.4712  7940n 

9.991 1  1  30885 

Where  it  is  necessary  the  order  of  the  last  decimal  is  expressed  by  the  small  figures  at  the  top  of  the  column. 
In  order  to  have  the  special  values  of  the  various  derivatives  of  i V,  correspondent  to  the  indicated  values  of  t,  it  is 
necessary  only  to  multiply  the  quantities  given  in  the  preceding  tables  by  certain  positive  or  negative  integers,  in 
all  eases  less  than  25  (their  values  are  perceived  at  a  glance)  and  sum  the  products.  In  this  way  have  been 
funned   the  following  values   of  ./,,  J„  and  ®: 

J,  4  0 


0 

-2.14482  694048 

-2.4051346257  4 

1.04507  732771 

15 

2.14686780544 

2.39669231422 

1.06008  87163  1 

30 

2.15260  718S8  3 

2.37396306110 

1.10132522091 

4o 

2.16083  67957  6 

2.34370  65632  7 

1.1582051801  6 

60 

2.16952  315004 

2.31  13896004  2 

1.2157334234  9 

75 

2.17619049365 

363641551 

1:25821738300 

90 

2.17875271232 

2.28050  95831  7 

1.2737129529  9 

105 

2.17640  68220  4 

2.29472  396608 

1.25783  60251  8 

120 

2.1700052862  7 

2.31645  86141  2 

1.21523  35926  8 

135 

2.16163  959144 

2.34656953751 

1.15794  47549  4 

150 

2.15373426532 

2.37739  03117  5 

1.1015381  1948 

165 

2.14823941051 

2.4004  1  882863 

1.06075  05950  0 

180 

-2.14628  96921  7 

-2.40899  827791 

1.04592 13o  11  6 

From    the    special    values    of   ©   is    derived    the    following    periodic    series  representing  it,  which    may  be    com- 
pared with  that  given  in  the  memoir  "  On  the  Motion  of  the  Lunar   Perigee."*     The    differences   are   due    to   the 

inclusion  here  of  terms  dependent  on  —  and  /j. : 


®  =    ->   + 


1.15884  0  1425 

1188248  cos 

11408  84846  cos 

.".0  727  15  ms 

7655834  cos 

42061  cos 

1  8331 9  cos 

966  cos 

1085  cos 

15  cos 


20  cosIOt 


*  Acta  Mathematica,  Vol.  VIII,  p.  34. 
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Attending  next  to  the  determination  of  31  we  obtain 


dM 

~dr 


r  o 

0000387849  sin     T" 

+ 

2922  21996  sin    2t 

+ 

10  80772  sin    3t 

+ 

17  81067  sin    \T 

+ 

8725 

+ 

12406  sin    6t 

+ 

7(t  sin    7t 

+ 

91  sin    8t 

+ 

1  sin    \)t 

1+ 

1  sin  10t  j 

►  e'cos  /'  -f 


0. 289353  cos     t 

4-  391  I  13255 

-I-  16  51032i 

+  23  79574  i 

+  13207  cos    5t 

4-  L656f                   '    su" 

+  [06 1 

+  1 22  cos   8t 

+  l  cos    9t 

+  1  cos  10t 


It  will  be  noticed  that  31  does  not  contain  any  term  having  the  argument  I'.     After  integration, 


31   = 


f     0.00003  22820  sin    T], 

"     0.0000413948  cos    r 

+ 

2019  58114  sinL'r 

+ 

L54275047  cos  2t 

+ 

5  G0460  sin  3t 

+ 

375361  cos3t  | 

+ 

6  04140  siii4r 

/     •      v     , 

+ 

457478  cos4t  1 

<   + 

2670  sinor 

>e'  sin  r  -f-  -^ 

+ 

1788  cos5t 

1  + 

2780  sin  fir 

+ 

2105  cos6t 

|  + 

15  sin  ~t 

+ 

Id  ens  7- 

1  + 

15  sin  ST 

+ 

11  cos8t^ 

e'  cos  I' 


From  this  we  deduce  the  following 


0° 

15 

30 

-17, 

60 

75 

90 

105 

120 

135 

150 

165 

ISO 


Special  Values  of  3/ 


+0.0155525750  e 

1345  00568  e 

+        772  63606. 

-  431439  e 

775  31651  • 

133533942  e 

153819663  e 

133.220811 

771  96674  e 

483494  e 

+        76549740  e 

1331  69118  e 

+       153943534  i 


'  cos  I1 
'  cos  I1 
1  cos  I' 
'  cos  I' 
'  cos  /' 
'  cos  I' 
'  cos  V 

'  cos  /' 

'  cos  /' 

□ 

'  COS  I' 
'  COS  I' 


+ 


0 

+0.01019  87512 

1761  47242 

2025  77999 

1746  54941 
L00374843 

234984 
1005  12422 
17  11  00398 
201332650 

1747  00847 
101022609 

0 


e'  sin  / 
<■'  sin  / 
e1  sin  I 
e'  sin  / 
e'  sin  / 
e'  sin  / 
e'  sin  / 
( •'  sin  / 
c' sin  / 
*  sin/ 
e'  sin  / 


In  the  iu\t  place  are  obtained  the  following 


Spkciai    Values  oj    M' 


0° 

+  0.07206  87725  1  e'cosl' 

ii  i    sin  /' 

15 

637332334  I 

•  ,,,.1 

30 

1088  83403  1  <'cos/' 

7183  16977  i 

15 

+ 

950  877132  ■ 

8317  24605  I 

60 

— 

220667047  7 

7219 146437 

75 

1527  76228  5  e'cosl' 

+ 

4166  67510  0 

90 

5372  55207  6 

_ 

165061  ■  • 

105 

150937054  l 

4183  13967  5 

L20 

— 

2185  7221     S 

7196  39977  1 

135 

+ 

952  71800  7 

825734027 0 

150 

1057  571230  i   cost 

7111  91  •  - 

L65 

631  i  12691  8 

_ 

109085272  9 

L80 

+ 

7132  626536 

0      sin  /' 

From  these  special  values  we  derive  the  following  development  of    W  in  periodic 


f +0.00925  20209  le'co 

15  11991  7  •    I i/'—  r) 

7279313937  e'cos  (V-  2t) 

24  29723  0  e'  cos  (I  3r) 

3068123  3  e1 It) 

17058  8  e'cos 

+               67579  0                -  6t) 
+                  mi  l 
_                  3866 

-                      3! 3(1  9t) 

+  62  i   cos  |        10t) 


•  ii. 102  188590  i   cos  ,!'  +     T) 

1008746366  e'cos  \l'+   2t) 
I  939263 
+  l  08240  !'+  4r) 

-I-  261  l  9 

91  i:  r-  6t) 

682  ■    eos(/'+   7t) 
+  510 1   cos 

+  +      9t) 

1  3 


L22 
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i;N   the  .  d   bhe    I  fferential  equation  which  determines    w    we  have  the  following  exp 


+  0.00674  506102  i  Cos/' 

+            2  393999  •   cos    /  7 

-      2899  18882  6  i  'cos  i  2t 

_           3322733  e'cos  (/'—  :ir 

+          13  82463  3  e' cos  (J' -  It 

+                3513  1  i   cos  i  V—  5t 

7615  3  ■   cos  i '"—  i»t 

33  I  e'cos  i  It 
+                    652  e'cos  i 

+                         3  e/cos  i/'-  9r 

I    i  'COS  i/'-HIt 


305  655 
230f 
1  367 

l: 


0.0025238205  5 
254  1 
508  2 
91  6 
2150 
79  6 
l  I  0 
6  6 
I 
1 


e'cos  (Z 


'  + 

p 

'+ 

2t) 

T 

'+ 

It-  ■ 

'+ 

5t 

'  + 

6r) 

'+ 

7t  i 

"+ 

8t) 

"+ 

9t) 

'-t-IOt) 

From  i lii-  are  derived  the  following 
Special  Values  oj 

-0.01 


0° 

- 

1.02157  584187  ■ 

cos  -'' 

15 

1807  17'. 1  e 

cosZ' 

30 

_ 

M 190341  0  e 

cos  /' 

15 

+ 

186  013186  e 

cos  V 

60 

1841  032237  e 

cos/' 

75 

2862  853158  e 

COS  /' 

90 

3280  56804  9  e 

cos  /' 

105 

2990  75178  6  e 

cosZ' 

120 

2088  92223  8  e 

cos/' 

135 

+ 

83808675  1  e 

COS  /' 

L50 

_ 

111  941263  e 

cos  /' 

165 

132318927  0  e 

cos  /' 

180 

— 

1655  69829  2  e 

COS  /' 

Speciax  Values  of 


From  the  data  previously  obtained  we  gel  the  following 

,    ■'<• 

sin  / 
sin  / 
sin  / 
sin  / 
sin  / 
sin  / 
sin  I 

sill  / 
sill  / 
sin  I 
sin  / 
sin  / 
sin  / 


0  e 

sin  /' 

0° 

+  0.00091  0191  2  9  c'.-os/' 

0  e> 

ir.27  350.-i5  8  e 

sin  /' 

15 

5158  785733  e'cos  I' 

+  0.04 

264055345  2  e 

sin  I1 

30 

+ 

257326074  0  e'cos  I' 

739594234  9  e' 

3028  64  1 11  3  e 

sin  /' 

45 

_ 

1(15571201  8  e'cos  I' 

858253152  6  i 

256806398  1  e 

sin  /' 

60 

1812572845  e'cosZ' 

7388502626  e' 

L36561  167  1  e 

sin  /' 

75 

7077  794444,    cos 

+ 

4038  175  12  0  -■' 

260  11 1599  e 

sin  /' 

90 

883237137  3  e'cos  I' 

— 

577  0(1005  '.I  , 

1865  710109  e 

sin  /' 

Hi5 

7955  32897  2  e'eo 

51  11  15591  3  t 

3009  10711 1  e 

sin  I' 

120 

5350  013532  e'cos?' 

834526567  1  e 

3380  87043  2  e 

sin/' 

135 

_ 

1817  75  ISO  0  e'cos  I' 

9329382530  e 

2884  08159  3  - 

sin  /' 

150 

+ 

1638  3651  1  7  (  'cosZ' 

7900  93575  2  e 

L651  343200  e 

sin/' 

L65 

1115  17515  0  e'cos  I' 

— 

1497  95751  8  i 

0  e 

sin/' 

180 

+ 

5010  36052  9  e'cos  J' 

0e' 

Applying  to  these  values  the  operation  of  mechanical  quadratures  we  gel 


dp 

dr 


-0.01538  77367  0 

- 

+         580  50452(1  cos 

T 

+      719005560  1  cos 

2t 

+               96295  1  cos 

3t 

_        102  050938  cos 

4r 

-                 2081  1  1  cos 

.  e'  cos  /' 

+  - 

+            1474823  cos 

r,T 

+                    524  7  cos 

7t 

-                  1  OK!  2  cos 

St 

8  0  cos 

Or 

-l-                     17  6  cos 

lOr. 

f —0.00552  99581  4  sin     T~\ 


+ 

2t 

+ 

2  1  50520  0  sin 

3t 

_ 

120180219  sin 

4t 

— 

59785  4  sin 

5t 

+ 

1  81944  8  sin 

6t 

+ 

1055  8  sin 

1  T 

_ 

10SS  2  sili 

8t 

_ 

15  2  sin 

9t 

+ 

22  2  sm 

10t 

►  e'  sinZ' 


By  integration  there  results 


r  -0.19032  702071 


+ 


=  < 


+ 

+ 

l- 


512  72IOOO  cos 

4031  78417  9  c,,s 

8  110299  cos 

32  06357  3  cos 


12025  9  cos    5t  )-  e'sin/'    +    - 
30660  8  cos    6 

151  7  cos     7 
250  0  cos    8 

1  7  cos    9 

2  2  cos10t„ 


f  +0.00498 11112  6  sin 

T 

+ 

3782  265207  sin 

2t 

+ 

55071. -.  sin 

87 

_ 

26  10081  1  sin 

4r 

_ 

4257  3  sin 

5t 

+ 

2  1008  5  sin 

Or 

+ 

76  7  sin 

7t 

_ 

204  6  sin 

8t 

_ 

9  sin 

9t 

.+ 

18  sin 

10t 

\-  e'  cos  I1 
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Hence  are  derived  the  I 


Speci  \i.  Vau  bs  01    p 


0°  -0.23128  000281  i 

15  .22538  36845  4  e'  sin  V 

30  20920  39137  4  «'. sin/' 

45  18696  55948  6  e'  sin  V 

60  16468611935  e'sinZ' 

75  14866  86931  2  e' sin/' 

90  14368  54518  3  e>  sin  /' 


0  e'  cos/' 
+  0.01997  98674  I  e'cosZ' 

3502  157199  i 

U34  64423  7  - 

372960631  5  i 

2394  786194  ■ 
+   497  528062   i 


105  151  1398827  2  -■'sin/' 

L20  16997  68730  1  .'si.,/' 

135  19432966790< 

150  21808249830  .'sin/' 

165  23517  46011  -I  .'sin/' 

180  -0.211:;:  153321  .'sin/' 


1  133  29429  l 

3429381  i 

3003J £ 

1739462956 

0  »  ■ 


Having  now  the  special  values  of  p  and  w  we  get  the 
special  values  of   SX   and    8  (  -  )   by  the  formulas 


8X  =   £, 


(Ixj/     W 
dr    sjv 


Thus  far  we  have  kepi   <     indeterminate,  bul  m 

judged  advisable  to  attribute  to  it  the  value  0.01677106, 
which  is  the  same  us  thai  used  by  Delaunat.     Moreover, 

the  coefficients  .it  o,V  are  <  A  into  are. 


Special  Values. 


8;. 


0 

-816.059844  sin/' 

15 

792.69006  7  sin  /' 

30 

729.51228  3  sin  /' 

45 

644.88729  3  sin/' 

00 

562.569783  sin/' 

75 

504.824604  sin/' 

90 

186.97775  1  sin/' 

105 

r,1  1.25781  6  sin/' 

120 

580.81 1369  -in/' 

135 

670.718189  sin/' 

150 

761.187336  sin/' 

165 

828.0491 1  1  sin/' 

180 

852.67727  6  sin/' 

0  cos  I1 

+   70.75146  7  cos/' 

I22.<;s:;^7s  cos/' 

1  12.70351  1 

126.87367  I 

80.690186  cu±/' 

+   16.89635  2  cos  I' 

-  47.947194  cos/' 

97.26512  1  cos  J' 

118.241741  cosZ' 

105.179336  ros/' 

61.61056  I  cosZ' 

(I  COS  I' 


+36755685 

30  18711  6  cosZ' 
+  13556452  cos  /' 

-  9  1  13629 

31  150833 

47  76870  9  cosZ' 
54  332336  cos/' 
19  81041  3 
35  45410  3 

-  14  92205  9  cos/' 
I    6331760 

22  30531  6 
•  2823767  I 


ii  sin  i 
+  28719331  sin/ 

19031951 

55  29927  7  sinf 

46  1 1576  9  sin/ 
•  24  339290  sin/ 
-  438397  9  sin/ 

32  82054  s  sinZ 

53  779158 

61  56411  8  sin/ 

:.:;  18420  S 
-31  032295  sin/ 


By  the  application  of  mechanical  quadratures  we  gel  the 
following  series.  Delai  way's  values  of  the  coefficients  are 
added  for  the  sake  of  comparison  in  the  case  ol  the  longi- 
tude; in  the  case  of  the  radius,  Delat  btai  having  stopped 
with  terms  of  the  tilth  order,  n  seems  hardlj  worth  while 
to  make  comparison.  They  have  been  obtained  bj  making 
in  his  expressions    e  —  0,   y  =  0,   and  by  substituting  for 

D< I! 

(-_  0.00009  sin  (l'-8T) 

-  ().0(Hiii2  sin  /  7T) 
_  0.01054  sum/'-Ot) 
_  0.001  i  I 

-  1.25517  sin  i 
_  0.09012  sin  (V-3t) 

152.08250  -in   I      2T 
+     0.59511  sin  (/'-  t) 
8X  =  -J  -659.23785  sin  I' 
+   17.69186    in 
_  21.60085  Mm/   I  2t) 
+     0.1 1250    i 

-  0.18003  sini 
+     0.00082  sin  (i 

-  0.00152  sini 
+■     0.00001  sin 

1^-    0.0 


his  value  of    —    the  value  wh  ponds  to  the 

a 

slant  8".8  of  solar  parallax  ;  and  the  terms  which  h 

re  been  multipli 
1  —  2/»  in  ordi  ato  accouni  the  i 

no  induct  tdded. 


'  + 

+ 

I'—  7t) 

0.0038 

+ 

699 

-     0.0014 

+ 

7  1  • 

-     1.1916 

+ 

65281  cos          It 

0.1160 

+ 

3124 

152.1  127 

•  50  92412 

r     I..57  is          , 

— 

1172:;  ,,.>,/'_  t) 

-659.2305    8(-)  =   - 

11  17540  i 

+    17. .v.i  IS      W 

+ 

128970 

21.6338 

— 

7  51559 

+     0.1045 

+ 

5400  i 

L809 

_ 

0.0006 

+ 

53  i 

+     0.0004 

— 

102 

,— 

124 
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II'  no  errors  have  been  committed  in  these  computations, 
and  pains  have  i  >«  - ■  - 1 1  taken  to  detect  and  eliminate  them,  the 
coefficients  set  down  should  correspond  i"  the  values  "1'  the 


elements  employed  with  an  uncertainty  "1  not  more  than  a 

unit  in  the  la>t  decimal. 


POSITION-ANGLES   OF   THE    XoKTII    POLAB    CAP  OF    MASS,    1898-9, 


!•,■!.. 


By  E.  E.  B  \l:\  VRD. 


Gr.  M.T. 

Appt. 

Dlam.  P.C 

898  Nov.  1  1 

24   35 

360.6  (3) 

i:. 

23  50 

347.4     li 

go 

23  20 

353.7  i  1 1 

2  1 

23  15 

351.7  (4) 

4.45 

29 

23  -jii 

354.2  (\) 

Dec.     0 

22  30 

351.1  (3) 

10 

19     0 

352.8(4) 

X               11 

18  50 

352.6  i  1 1 

L3 

21   l'(i 

352.8  (4) 

899  Jan.  18 

it;  in 

347.9  (5) 

5.59 

24 

15     0 

347.3  (5) 

5.03  . 

30 

17     0 

348.0  (5) 

31    17  55    346.2  (4)    5.07 

7    13  55    345.6  (4) 
10    14  15    346.1  (5) 


Gr.  M.T. 

Appt,  iJian 

1899  Feb.    11 

15  35 

346.0  ili 

11' 

16  20 

346.0  (4)          .    . 

13 

1  1     0 

342.7  (4) 

L'(i 

16  55 

344.0  (4) 

28 

1 5     5 

342.8(7 

Mar.   13 

16     5 

345.1  (6)          .    . 

18 

1  1  45 

345.4  (4) 

19 

1  1  35 

347.5  (4) 

30 

1  1    15 

353.4  ( 1 1 

Apr.     3 

15     7 

349.0  (4)          .    . 

4 

1  1   :.i  i 

348.2  (4)          .    . 

20 

14     0 

347.0  (4)           .    . 

Observations  made  with  the  4(i-incli  refractor,  wire  being  placed 
perpendicular  to  limb  of  A/i//-.s  at  polar  cap.  Observation  much  of 
the  time  difficult  from  poor  seeing. 


ELEMENTS   AND  EPHEMERIS   OF  COMET  e  L899    (GiACOBmi), 

C.  PHIPPS,    ami   B.  SPRAGUE. 
Observatory  of  the  University  of  California.) 

Constants  for  the  Equator  of  1899.0. 


By  Miss  A.  HOBE,  Y.  KUXO,  S. 
(Communicated  by  the  Director  of  Students 
From  the  first  three  Mount  Hamilton  observations  by 
Perrine,  kindly  telegraphed  to  the  Students'  Observatory 
by  Director  Keeleb,  Miss  Hobe  and  Messrs.  Kcxo  and 
Phipps,  advanced  students  in  the  University,  have  com- 
puted the  following  elements  and  ephemeris  of  Comet  e 
1899  (Giacobini). 

Observations. 
Gr.  M.T.  u  8 

i-.,.,  b       in        s  o        i         ' 

October  2.6758         16  32  59.7         -4  12  IS 
3.6378         16  34  22.1  -3  53  35 

4.6292         16  35  40.7  -3  34  40 

Elements  by  Miss  Hobe,  and  Messrs.  Ku no  and  Phipps. 
T  =   1899  July  25.31190  Gr.  M.T. 

i   =     90°  49  58  ) 
Q,    =   279  54  49  ^1899.0 
*u>  =  327  20  20  ) 
log  q   =  0.128376 

(O-C)     z/A  cos  0  =  -  1".5     ,     J/3  =  -  0".l 

*In  the  telegram  sent  to  Harvard  College  Observatory  w  was  10' 
too  small. 


x  =  [9.365813]  (  62  11  36  +  c)  seeHr 
>/  =  [0.123290]  (213  33  3  +  v)  sec4» 
z  =   [0.126916]  t304  10  30+»)  sec*£» 

Ephemeris  for  Greenwich  Midnight. 


1899 

a 

8 

log  A 

Br. 

October    8.5 

16  41    13.9 

—  2  24 

8 

0.3175 

0.84 

12.5 

40  45.2 

-1   16 

5 

0.3340 

16.5 

52  11.9 

-0  12 

o 

0.3495 

20.5 

57  34.7 

+  0  48 

34 

0.3640 

0.60 

Brightness  Oct.  2  is  taken  as  unity. 

Mr.  Roger  Sprague  has  independently  computed  the 
orbit  from  the  same  observations  corrected  for  parallax  and 
aberration  on  the  basis  of  a  first  approximation. 

Elements  by  Roger  Spbague. 
T  =   1899  July  25.5208 

i  =      90°  38  22") 

0  ^- 1899.0 


8    =   279  47     ■ 
<o   =  327  53  50  ) 
log  q   =   0.130868 
(O-C)     JAcos/3  =  -  0".S 


jp  =  +  0".3 


CONTEXTS. 


On  the  Inequalities  in  the  Lunar  Tiieohy  Strictly  Proportional  to  the  Solar  Eccentricity,  by  G.  W.  Hill. 

Position-Angles  of  the  North  Polar  Cap  of  Mars,  1S9S-9,  by  E.  E.   Byrnakh. 

Elements  and  Ephemeris  of  Comet  e  1899  (Giacobini),  by  Miss  A.  Hobe,  Y.  Kino,  S.  C.  Phipps  and  R.  Sprague. 
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MICEOMETEICAL   MEASURES  OF  THE    FIFTH    SATELLITE   OF  JUPITER  AND 

OX  THE   MOTION    OF   THE    LINK   OF    APSIDES  OF   THE 

OEBIT   OF   THE    SATELLITE, 

B5    E.  E.   BARNARD. 

MADE    WITH     CHE  40-INCH    REFRACTOR  OF  THE    VEIJKES  OBSERVATORY. 


The  Fifth  Satellite  of  Jupiter  was  measured  with  the 
40-inch  at  the  oppositions  of  1898  and  1899. 

The  increasing  southerly  declination  of  Jupiter  and  the 
bad  season  in  which  the  oppositions  now  occur,  make  the 
satellite  a  difficult  object.  It  has  been  fairly  well  seen, 
however,  on  several  dates,  and  good  asures  secured  oi  il 

The  steadiness  of  the  great  telescope  and  the  clock-work 
and  the  protection  offered  by  the  curtain  wind-break,  have 
made  it  possible  to  measure  the  satellite  with  considerable 
exactness  when  it,  could  be  seen  at  all,  though  in  somi  •■'-- 
the  measures  it  was  at  the  limit  of  vision. 

It  has  always  appeared  to  me  when  measuring  this  ob- 
ject, from  the  fact  that  the  orbit  is  not  onlj  eccentric,  but 
that  the  line  of  apsides  is  in  rapid  motion,  that  it  would 
be  best  to  make  as  many  measures,  and  as  continuous  a 
set  as  possible,  so  as  to  cover  a  targe  pan  oi  the  orbit. 
For  this  reason  1  have  on  several  occasions  held  onto  il 
and  measured  it  as  rapidly  and  for  as  long  a  time  as 
possible. 

Tissi  i.'wo  has  shown  that  the  eccentricity  of  the  orbit. 
though  very  small,  is  clearly  indicated  in  the  measures 
with  the  36-inch  in  1892  and  1893.  He  showed  thai 
tin' great  polar  compression  of  Jupiter  the  line  of  apsides 
•of  the  orbit  of  this  satellite  should  have  a  motion  of  about 
+  882°  a  year,  or  +2°.42  daily,  which  would  give  a  complete 
revolution  in  five  months.  From  the  Lick  measure-  of 
elongation  distances  in  1892  and  1893,  he  found  thi 
major  axis  of  the  orbit  to  be  17 '.our,,  the  eccentricity 
it. oo::;.  and  the  longitude  of  the  perijove  foi  1892  Nov.  1 
=    -  4°. 

To  test  the  motion  of  the  line  of  apsides  Tisserand 
made  a  series  of  comparisons  ol  the  measured  elongation 
distances  with  calculation,  on  three  assumptions.     These 

were   /.'„  that    tl rbil    was  a   circle,   A',    thai    it    was  an 

ellipse  with  the  above  eccentricity    tnd   with  the  perijove 
stationary  ;    R  that   the  perijove  had  a  .  ■  otion  of 

2°. 42  a  day. 


The  results  of  these  comparisons  with  five  normal 
places  are  as  follows,  taken  in  the  order  Observed  minus 
<  lalculal  ion. 


+  O.I7 

+0.02 

+  o.O'-' 

•  0.20 

+  0.(14 

-0.11 

2  /.' 

=   0.466 

+0.25 

+0.06 

+0.12 

4  0.06 

0  1  l 

\     (MIS 

11: 

=  o.L'.:.-. 

0.27 

o.l  1 

-0.13 

0.20 

0.11 

+  0.11 

2  /,'• 

+  11. is 

+  0.24 

+0.10 

-0.43 

0.24 

-0.09 

t  0.03 

+0.25 

-0.08 

"From  which  it   is  -ecu  that  the  representation  of  the 
residuals    R   is    much    mi  tory    than    those   of    /.', 

and   R"   (Comptes    Rendus    No.  15   for    1894    Octol 
Tome  CXIX). 

It  would  appeal',  therefore,  thai  for  the  exacl  determina- 
tion of  the  eccentricity  and  the  rate  of  revolution  of  t lie 
perijove,  as  many  measures  of  the  satellite  in  all  pari 
its  orbil  should  be  secured  as  possible,  and  especially  im- 
portant are  careful  determinations  of  the  elongation  dis- 
tance-, 

A.S  soon  as  a  proper  distribution  of   elongation  di.-\ 
is  secured,  1  hope  to  repeal  Tissebjlnu's  calculations. 

The  motion  of  the  line  of  apsides  ought  now  to  he  deter- 
mined accurately  from  the  observations  alone. 

Six   measure-  of  the  elongation  distances  of   the    satellite 

have  been  secured  here  at   the  oppositio  9  >8  and 

L899     Though  these  clearly  show  • 

not  sufficient]}   cover  the  orbit    for  a  good  re-determination 
of  the  quantities  desired. 

In  the  meantime,  it  is  possible  to  form  some  idea  i 
soundness  oi  Tisskrand's  theorj  bj  a  comparison  of  obser- 
uith  the  theory.      It  will  be  seen  that  hi-  value  for 
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the  motion  of  the  perijove  represented  the  observations 
used  bj  lii iii  very  closely.  II  one  uses  this  motion  for  the 
prediction  of  the  satellite's  position  at  the  present  time,  it 
will  be  found  thai  the  observations  are not  well  represented; 
indeed,  t  his  \  ear  i  1 899 1,  while  the  measures  clearly  Bhowed 
the  perijove  was  preceding  the  planet,  theorj  should  have 
made  it  following.  This  being  the  ease,  it,  is  evident  that 
the  value  determined  bj  Tisseband  is  nol   the  correct  one- 

An    approximation    to   the    true  \alue  can  he  obtained    b\    a 

comparison  id'   tl bservations  with  an  assumed  value, 

whieh  ean  lie  varied  until  a  proper  adjustment  is  had.  It 
appears  thai   a  somewhat  larger  motion  will  besl    satisfy 

the  measures,  the  best  results  being  got  with  a  daily  mo- 
tion ot  -(-•_'  .465  or  +900  a  year,  or  a  coin]. lei, ■  revolu- 
tion of  the  orbil   in    I. '.I  months. 

With  this  value  and  Tissi:i:  \\  i.'s  determinations  of  the 
eccentricity  and  major  axis  of  the  orbit.  1  have  calculated 
the  elongation  distances  for  the  dates  of  mj  measures  at 
elongation. 

The  following  residuals  result  (Observation  minus  Cal- 
culation |  : 

Resid. 
Obs'd  Comp.  (O— C) 

1892  Sept.  12  ls.ll(4)E  48."os  +  o'o3 

(»et.      s  18.14(4)  E  is. •_'.-,  _0.11 

19  17. ."il  (4)W  4  7.CL'  -d.11 

26  is. in  (3)  K  48.12  +0.07 

Nov.   10  17.98(3)  E  47.91  +0.08 

11  17.97  (3)  W  47.92  +0.05 

1893Sept.27  47.67  (3)E  47.74  -0.07 

Nov.  12  17.7  1  (2)  E  17.71  +0.03 

Dee.   in  18.12  i  1  i  E  48.12  0.00 

1894  Dec.     3  48.17(1  1  E  4s.o:>  +0.15 

1898  Mar.  15  18.12(3)E  48.13  -0.01 

1899  May     6  18.31  (3)  E  48.21  +0.10 
June  Hi  18.03  (1)E  47.99  +0.04 

E  anil  W  are  the  east  anil  west  elongation's.  The  figures  in 
parentheses  represent  the  number  of  observations  used. 

The  new  value  of  the  motion  of  the  line  of  apsides  rep- 
resents the  observations  used  by  Tisseband  even  better 
than  the  theoretical  value,  as  it  reduces  the  sum  of  the 
squares  of  the  residuals  to  nearly  one-half,  from  0.087  to 
0.(14.-.. 

I  do  not  know  what  value  of  the  compression  of  Jupiter 
Tisseband  used,  but  assume  he  has  taken  the  most  prob- 
able one.  Since  the  motion  of  the  perijove  is  greater  than 
the  observed  compression  would  produce,  we  are  led  to  the 
conclusion  that  there  must  be  a  greater  distribution  of 
matter  at  the  equator  of  the  planet  than  a.  uniform  density 
jvould  suggest.  This  is  an  interesting  question,  and  one 
thai  can  easily  be  settled  by  observations  of  this  satellite, 
though  it  would  appear  that  the  other  four  satellite,  are 
not  suitable  for  such  an  investigation. 

From  the  preceding  comparisons  of  the  measured  with 


the  computed  elongation  distances,  it  would  seem  that  a 
determination  of  the  position  <  ellite  al  elon 

with  either  the  36-inch  or  the  40-inch  can  be  depended  on 

to  HOI    tar  from    ,',,   of  a  second  of  arc, 

During  the  present    measures  with  the  greal   telescope, 

as  in  the  previous  observations  of  the  satellite, half  the 

field  was  covered  with  a  piece  Of  smoked  mica.  In  this 
way  the  satellite  could  be  seen  in  the unobscured  portion  of 
the  field,  while  the  planet  itself  was  dimmed  bj  the  inter- 
\ ening  mica. 

The  distances  have  1 a  measured  from  the  nearest  limb 

of  Jupiter,  and  the  corrections  to  the  center  of  the  planet 
made  with  m\  own  values  of  the  diameters  of  Jvpiter.  In 
this  connection,  these  values  of  the  diameters  of  Jupiter 
should  always  be  used  in  mj  measures  of  this  satellite, 
otherwise  veiy    serious  enors   may  be  introduced.     It    i> 

known,  as  pointed  out    in    the  earlier  papers  on  this  subject 

i.l.-/.  325),  that  there  is  a  great  difference  in  the  diameter 
measures  of  Jupiter  made  with  differenl  instruments  Es- 
pecially  is   this   very   marked    when    filar-m icrometer    and 

heliometer  measures  an-  compared.  The  helionieter  seems 
to  give  a  smaller  diameter  to  Jupiter  by  upwards  of  an 
cut  ire  second. 

Whatever  may  be  the  true  diameter  of  Jupiter,  and  I 
think  filar-micrometer  measures  are  more  likely  to  be  true 
than  those  obtained  with  the  heliometer.  t  he  measures  of 
the  satellite  should  be  reduced  with  the  diameters  obtained 
with  the  same  telescope  if  possible,  or  one  nearly  like  it. 
My  diameters  with  the  .'lb-inch  should  therefore  be  used 
in  till  my  measures  of  this  satellite. 

These  values  are  (A.J.  325  I, 

Polar  Diameter  =  36.112  (at  _5.20) 

Equatorial  Diameter  =  38.522  (at  _5.20) 

As  these  diameters  were  measured  through  smoked  mica 
(A.J.  285-86)  similar  to  that  used  in  measuring  the  satel- 
lite, they  will  be  as  nearly  free  from  irradiation  effects  as 
ile,  and  whatever  irradiation  effect  may  remain,  it  is 
neutralized  by  the  fact  that  the  bisected  limb  in  the  satel- 
lite measures  is  observed  through  the  smoked  mica  also. 

During  the  present  measures,  it  was  possible  on  several 
occasions  to  carry  the  satellite  through  its  elongation  and 
to  >e,urc  both  elongation  time  and  distance. 

Following  are  the  times  of  greatest  east  elongation  from 
t  he  measures  last  year  : 

1898  March  2     12  57°°80 
6     11'  36.11 

During  the  present  opposition  of  1S09,  careful  determi- 
nations of  the  elongation  times  were  made  on  two  dates. 
To  show-  the  consistency  of  the  results  the  individual 
determinations  are  given  : 
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1893  Apr.  25  Easl  Elongation 

ii      in 

is'.''."  Uaj  i  Easl  Elongation 

P 

i:; 

4.99 

12*  33.25 

1892  Sept.  10  to  1898  March    6        11   :.:' •jl'>.:.l'         1020 

4.89 

32.95 

1892  Sept.  L0  to  1899  April    25        11   •■ 

l.'.i'.t 

32.95 

L892  Sept.  10  to  L899  .May        1         11   57  22  I 

5  69 
4.99 

32.55 
32.55 

Mean                              11   .".7  22.647 

13 
13 

5.69 

5.59 

5.26 

12     32.25 
12     32.72 

This  is  doubl 
Following  are  elo 
t  he  measures : 

These  were 

determi 1   bj    curves  through  the 

individual  measures. 

E  \- 1    Elongation    Distanci 

The  following  are  the  elongation  times  determined   from 

March  2     18.10  (A5  2 

the  measures  : 

6     18.1  1   (A5.20 

Times  of  East   Elongation    in    1898. 

April     5       18.12    (A5  - 

March  2     12  57.80 

East  Elongation    Distances  i\    1899. 

6     12  36.11 

April  25       Is..;  I      A5.20) 

Times  of  East  Elongation   i\    L899. 

May      1      18.29  (A5.20 

h     in 
April  25     13     5.26 
Ma\       I      12  32.72 

23     18.31    (A5.20 
June  16     18.03  (AS  S 

1  have  obtained  the  following  t  luce  values  of  the  period 

Folli                                                  the   satellil 

of  the  satellite : 

with  i  he  10-inch  during  the  lasl  t  wo  op]  o 

1898  -l/" 


90th  Merid. 

A  from 

A  from 

Time 

f.  limb 

center 

12  13 

24 

27.82 

19.88 

12    11 

7)7 

32.64 

54.70 

12    IS 

59 

32.64 

54.70 

12  53 

38 

.",2.77. 

54.81 

l:;"    1 

13 

32.63 

54.69 

i:;  15 

23 

32.05 

54.1  1 

1.",  23 

19 

31  58 

53.64 

13  29 

33 

30.83 

52.89 

13  39 

5 

30.09 

52.12 

Apparenl  si 

mi  equatoi  i 

d  diamete 

tir  =  2 

2".06. 

lS'.is  Mar 

7/  6. 

11    25 

29 

22.17 

1  1.35 

11  30 

9 

24.16 

ir,.::i 

1 1   39 

11 

25.99 

18.17 

11    II 

16 

27.1(1 

19.28 

11   50 

17 

28.95 

51.13 

11   56 

5 

29.03 

51.21 

1  1    59 

23 

30.84 

53.02 

.'     5 

8 

31.40 

53.58 

-'     7 

I'.i 

31.69 

53.87 

.'   17 

oo 

:12.17 

54.35 

.'   19 

56 

32.84 

55.02 

31 

33.27 

55. 15 

.'  29 

18 

33.12 

55.30 

3  l 

33.39 

55.57 

.'  .'17 

25 

32.95 

55.13 

-'    12 

26 

33  29 

55.47 

2    17 

lo 

32.68 

54.86 

2  7.1 

37 

32.60 

54.78 

2  56 

28 

.">"  '".i 

54.47 

;    i 

II 

31.52 

.-.:;.  7n 

( lomps. 


L898  March  6. 

—  ( "  i nit. 

L898  April  5. 

■ 

HOtli  M 

■rid. 

A  from 

A  from 

90th  Merid. 

A  from 

A  from 

Time 

f.  limb 

center 

i  omps. 

ii 

to 

rime 

f.  limb 

i;;'    7 

1 

3l!oi 

53*19 

•  . 

32 

17 

30.46 

3 

13    12 

17 

30.53 

7,1'.  71 

3 

10 

34 

12 

30.01 

52.38 

■  • 

13  is 

58 

29.33 

7,1.7,1 

3 

10 

39 

11 

28.52 

3 

13  21 

39 

28  22 

50  in 

•_' 

10 

1  1 

7,7 

27.15 

19.52 

■■ 

13  30 

17 

26.68 

is  86 

.", 

10 

17 

21 

..-  •>., 

•  . 

13  37 

14 

25  58 

17.70 

2 

III 

;,ii 

'.1 

25.86 

18.23 

3 

13   17- 

28 

23.07 

17,.  •_'.-, 

3 

10 

54 

12 

2  1  70 

17  07 

."• 

l:;  54 

54 

20.22 

12.40 

•'! 

10 

58 

7,7 

24.05 

16.42 

3 

Apparent  semi  equatoria 

diamete] 

Apparent  semi-equatorial  diam.  = 

ter  =  - 

2".  IS. 

( 

orrection  for  pi 

IS'.IS      |,   . 

1  5. 

L898    I.    '   20. 

9    is 

7 

31.87 

.'.  1  2  1 

.", 

s 

is 

1  1 

32.25 

54.16 

'J    21 

10 

31.99 

54.36 

.', 

8 

51 

26 

31.82 

53.73 

'.i  25 

7.7 

33.09 

55  16 

2 

8 

55 

lo 

31.22 

53.13 

'.i  31 

17, 

32.81 

55  1  8 

2 

s 

59 

17 

52.59 

'.i  35 

59 

33.57 

55.94 

.", 

9 

3 

'.i 

30  ge 

5 2.77 

'.i  38 

"7 

33  1  1 

55.  Is 

•  > 

9 

6 

2 

30.62 

52  53 

:i    In 

34 

33.53 

55.9(1 

•  > 

9 

s 

52 

51.56 

9  50 

34 

33.20 

3 

9 

12 

; 

51.17 

9  53 

l  1 

33.22 

."..Y.V.i 

3 

9 

I., 

I'.i 

28.17 

■j  56 

30 

33.91 

56.31 

3 

9 

is 

50 

27.97 

|'l   ss 

'j  59 

4 

33.15 

55  52 

3 

9 

21 

55 

27.34 

19  25 

10       I 

1 

33.18 

55.55 

•  ■ 

9 

25 

l 

26.66 

in     I 

1  1 

33  28 

55.65 

3 

9 

28 

20 

17.90 

10     7 

7 

33.00 

:; 

:i 

32 

ii 

24  96 

10     9 

54 

32.36 

3 

'.i 

."•  ,'t 

15  n 

in  13 

•  >- 

33  17 

55.54 

3 

'.i 

in 

16 

23.11 

In  \<\ 

1  1 

32.42 

54.79 

2 

9 

12 

52 

22  1" 

II   >>1 

L0   L9 

25 

31.66 

54.03 

3 

9 

li 

7.7 

21.91 

13  82 

10  22 

.',.'. 

31.39 

53.76 

3 

9 

16 

39 

21.13 

13.04 

lo  26 

15 

30.98 

53.35 

3 

Apparent  s 

emi-equatorlal  diam. 

L0  28 

54 

.'.:;  26 

2 

i 

orri 

ction 

for  pbasi 

1 28 
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90th  Merid. 
Time 

ll  III  s 

7  35  19 

7  39  L5 

7  12  19 

7  16  II 

8  3  I  I 
8  6  15 
s  9  32 
8  13  16 
8  16  7 
8  18  30 
s  23  l:: 
8  28  '.» 
8  32  22 
8  36  (i 
8  13  30 
8  in  is 
s  52  35 
8  55  -I 
s  59  7 


898  April 

A  fr 

f.  limb 

:;i.o:; 
31.94 
32.21 
31.96 
32.29 
32.25 

31.63 
31.88 
31.4  I 
31.00 
30.41 
30.35 
29.99 
28.01 
26.63 
26.33 
25.92 
24.59 


26. 

.1  from 
center 

53.30 
53.61 
53.88 
53.63 
53.96 
53.92 
54.19 
53.30 
53.55 
53.11 
52.67 
52.08 
52.02 
51.66 
19.68 
is  30 
I7.SS 
17.17 
16.1  l 


( lomps, 
3 


Apparent  semi-equatorial  diam.  =  -1  '.79. 
Correction  for  phase  —  —  0*.12. 


From  small  Limb. 


50  14 


20.31 


-0.1! 


7  51  15 

L9.90 

-0.53 

7  52  30 

20.58 

+  o.l.-> 

7  53  20 

19.89 

-11.54 

7  54  35 

20.08 

-0.35 

29 


ILL'S 


From   North   Limb. 


7  56  10 

20.89 

0.46 

7  56  36 

20.82 

-0.39 

7  57  45 

20.80 

-0.37 

7  59  ."> 

20.4  1 

-0.01 

8  0  32 

20.21 

+  0.21 

7   58    1  1 


-0.20 


Apparent  semi-polar  diameter  =  20". 43. 
Position-angle  of  wires  at  latitude  meas- 
ures =  115  .-. 


1899  April  18. 


13 

57  40 

32.19 

54.77 

1  1 

1  35 

32  17 

54.74 

14 

3  25 

32.24 

54.82 

14 

7  35 

32.49 

55.06 

14 

8  30 

31.72 

54.29 

1  1 

10  17 

31.39 

53.97 

14 

11  45 

31.95 

54.53 

1  1 

14  40 

31.64 

54.22 

11 

17  3 

31.20 

53.77 

14 

19  12 

31.04 

53.62 

1  . 

21  5 

31.31 

53.88 

11 

22  15 

31.13 

53.71 

Apparent  semi-equatorial  diam.  =  22". 58 
Correction  for  phase  =  —  0".01. 
(This  has  not  been  applied.) 


90th  Merid. 
Time 


1899  April  20. 
a  from  A  from 


:;i  .12 
31.17 
31.79 
32.16 
32.00 


12  56  3 

12  58  2 
L3  2  3 
i:;     :, 

13  7 

\  pp  ci  i-nt  Bemi  equatorial  d  in 
Correction  for  phase  =  0".00. 


center 

.".  I."I2 

..I  39 
54.76 
54.60 


c  omps. 


From  Soiitli   Limb. 


13  11  33 

13  12  53 

13  13  11 

i:;  15  is 

l.".  lo  34 

13  11  58 


13  17  33 
!:;  lo  8 
13  10  53 
13  20  43 
13  21  23 
13  22  38 


20.01 
20.15 
21.36 

21.00 

21.63 


0.27 
L.04 

+  0.18 

+  0.71 

t  ii  I  I 

0.00 


From  North   Limb. 


22.01 
21.20 
20.38 
20.85 
20.63 
20.76 


13  20  i:; 


13  2:;  58 

13  21  13 

13  25  53 

l:;  26  is 

13   27  22 


0.83 
—0.08 
■  0.80 
+  0.33 
+  0.55 
+  0.43 
+  0.20 


From   South   Limb. 


23.57 

22.5  I 

21.07, 
21.  OS 

22.68 


+2.39* 
+  1.36 

+  O.70 
+0.49 
+  1.7.0 


13  20  12 

*  Reject. 


+1.03 


From  North   Limb. 


13  28 
13  30 

13  31 

13  29 


20. 47, 
20.03 
20  86 


+  0.74 
+  1.15 

+  0.32 

+  0.74 


Apparent  semi-polar  diameter  =  21   .is. 
l'.-A.  of  wires  for  lat.  measures  =  111°. 0. 

From  Following  Limb. 
13  34  7,0         34.13         56.73  3 

l:;  38  36         34.00         56.60         2 


12  1  48 
12  1  29 
12  7  26 
12  9  45 
12  11  31 
12  13  40 
12  17  26 
12  21  14 
12  25  12 
12  29  28 
12  31  r>:> 
12  34  36 


L899  April 

25.20 
20.10 
20.57 
27.49 
27.07 
28.29 
28.98 
29.55 
30.56 
30.96 
31.29 
31.82 


1899    !;,:-:■     Cont. 
90th  Merid.         A  from         a  from 
f.  limb 


12  io  :,:> 

12  11  13 

12  is  13 

12  50  15 

12  54  17 


32.17 
32.70 
33.02 
33.77 

:::;.;,:; 
33.88 


center 

5  1.70 

55.64 
56.39 

:,r,  17, 

50.5U 


From  South  Limb. 


21.82 

22. 1  8 
22.:;:; 
22.93 


l:;     2    II 


+0.61 
•  0.97 

+  1.13 
I  L73 

'  1.1  1 


From  North  Limb. 


]:; 

5  36 

2O.00 

+  0.52     1 

13 

6  29 

10  00 

+  1.21     1 

13 

7  24 

20.50 

+  0.71     1 

13 

8  4 

20.75 

r-0.45    1 

13 

8  54 

19.81 

•  1  in    l 

13 

9  59 

10.0 1 

+  1.30    1 

L3 


l  l 


-0.96 


Apparent  semi-polar  diametei   =  21*.21. 
l'.-A.  of  wires  at  lat.  measures  =  111  .2. 


33 

49 
15 

12 


13  II  II 
l:;  17  31 

13  22  15 
13  25  7 
13  2S  50 
13  32  13 
13  38  42 
L3  42  25 
13  45  7 
13  50  7 
13  51  7 
13  50 

13  58 

14  1 
14     4 

I  I  in  29 
14  ll  :,:> 

14   14  41 

I I  20  2 1 
1  I  23  4  5 
14  27  4 
14  31  18 

Apparent 


11  10   49 

11  15  17 

11  19     9 

I  1  22    1 1 

I I  32  56 
11  36  19 
11  38  16 
11  45  34 
11  4S  48 
11  52  48 


33.53 
33.91 
33.22 
33.58 

52.91 
32.37 
31.47 
31.10 
30.81 
29.25 
29.(15 

28.63 
27  79 
27.15 
26.38 
25.28 
25.12 
24.12 
22.36 
21.64 
20.51 

19.50, 
semi-equatorial 


50.15 
56.53 
:,:,  8  I 
56.20 
55.55 
54.99 
54.09 
55. 72 
53.43 
51.S7 
51.07 
51.25 
50.41 
10.75 
19.00 
47.00 
17.71 
10.70 
II. OS 
44.20 
43.13 
41.98 
diam.  = 


1899  May  1. 

19.79 

21.31 

22.  IS 
23. 19 
20,.  19 
26.88 
27.S9 
2S.92 
29.87 
30.53 


13.38 
43.91 

44.77 
46.0S 
4S.79 
49.47 
50.49 
51.52 
52.47 
53.13 
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899  May  1. 

—  Cont. 

90th  Merid. 

A  from 

A  from 

Time 

f.  limb 

center 

1 1"  r.i; 

16 

30.86 

53*46 

1  1    .V.I 

15 

31.61 

54.21 

12     3 

29 

31.97 

54.57 

12    6 

50 

32.59 

55.19 

12  in 

21 

32.70 

55.29 

12  12 

12 

33.44 

56.04 

12  14 

17 

78.58 

55.98 

12   16 

33 

33.43 

56.04 

12    19 

12 

33.59 

56.19 

12  20 

41 

33.58 

56.18 

12  25 

25 

33.99 

56.59 

12  28 

31 

33.80 

56.40 

12  31 

6 

34.25 

56.85 

12  32 

34 

34.19 

56.79 

12  35 

2 

33.93 

.v.).  r>."> 

12  38 

14 

34.01 

56.61 

12    11 

56 

33.80 

56.40 

12  41 

57 

33.52 

56.12 

12    I'.l 

:; 

33.72 

56.32 

12  52 

n; 

33.22 

55.82 

12  56 

21 

32.61 

55.21 

1.'!      (1 

13 

32.34 

54.94 

13     2 

4 

32.04 

54.64 

13     5 

9 

31.45 

54.05 

13     8 

44 

31.19 

.V..  7 '.1 

13   10 

55 

30.53 

53.12 

1-3  13 

IS 

30.61 

53.21 

13  16 

36 

2'.).  7ii 

52.30 

13   18 

55 

29.47 

52.07 

13   2  1 

36 

27. '.17. 

50.55 

13  27 

3'.) 

27.49 

50.09 

13  32 

38 

26.38 

is. '.i7 

13  36 

1  1 

25.34 

47.94 

13  39 

53 

24.49 

17.09 

13   13 

31 

2,3.1  1 

15.73 

13    I'.i 

13 

2  2 .37 

44.96 

13  51 

26 

20.39 

12.99 

i  !omps 

3 
3 

3 
3 

1 

:;• 

3 


Apparent  semi-equatorial  ilium.  !    60. 

•From  pr iding  limb. 


90th  Merid. 
Time 

'.)"  2s"'lS* 

9  32  13 

9  36  58 

9   in  2:; 

9  51  6 

-.»  55  is 

Ki     o  37 

10     3  12 

in     6  19 

in     9  49 

in   12  26 

Hi  1  1  1 

10   Hi  33 

in  19  12 


1899  May  23. 

A  from  A  from 


I.  limb 

23  98 
25.42 
25.62 
28.83 
29.39 
29.58 
30.80 
31.57 


Id  22 
Ki  26 
Hi  29 


Hi  :;;;  38 


31.81 

31.97 

32.71 

32.40 

32.70 

32.89 

33.67 

33.49 

33.21 

33.11 

32.57 

32  97 

33.17 

32.24 

43.76 

32.21 

31.56 

Apparent  semi-equatorial  diam.  =  22" 
( lorrecl  ion  for  phase    -     -0    09 

1899  June  13. 


Hi  37  is 
in  II  in 
1ii  15  30 
in  is  30 
in  51  in 
Ki  55  2 
in  58  15 
11      1   32 


center 

15*97 

47.11 
47.61 
50.82 
51.38 
51.57 
52.79 
53.56 
53.51 
53.79 
53.96 
7,1  70 
54.39 
54.69 
:,  i  88 
55.66 
55.48 

7,7,.  21 1 

55. 1 1 1 
54.56 
54.96 
55.  1 6 
54.23 
54.75 
54.20 


•  !omp8. 


9  I     5 

'.I  7   7,7 

9  in  29 

'.)  13    13 

9  16   13 

'.»  I'.» 

It  22 

'.i  28 

'.)  31 


8 
51 
17 
12 


31.06 
30.83 
30.53 
30.46 
29.86 
28.91 
28.62 
27.  Id 
27.11 


51.82 
51.60 
51.30 
51.23 
50.63 
19.67 
19.39 
17.87 
is.  is 


Apparent  semi  e  [uatoi  lal  diam.       21  ".00. 
i  torreetion  for  phase         -  0' .-':;. 


90th  Merid. 

I  .  mi 
I,      in 

8  27  17 
8  30  20 
s  32  50 
8  36  00 

8  12  22 

8  17.  26 

8  18  7,1 

8  51    13 

8  55  -l 

8  58  7,7 
'.)  1 

9  I 
9  8 
'.i   10 


A  from  A  from 

f.  limb 


9  13 

9   is 


31.41 
31.63 
31.34 
31.49 
31.78 
31.44 
31.01 
31.46 
30.36 
30.65 
30.11 
29.19 
29  15 
28.76 
28. 1 1 


52.12 
52.32 
52  1 15 
52.20 
52.49 
52. 1 7, 
51.71 
52.17 
51.07 
51  36 
50.81 
l:i  89 
19.85 
19.46 
19.11 
18.46 
17.86 
16.85 


27.17. 

26.14  16.85  3 

Apparent  semi-equatorial  di 
<  orrection  for  phase  =  —  0  .24. 


1899  Jntu  is. 

(i     2          27.28  17.86 

I    27            27.1S  17  77, 

s  36          25.36  15.94 


Apparent  semi-equatorial  diam.  =  20' 
ion  for  phase  -        0 


1899  J 


8  26  7 

8  29  20 

8  31  12 

8  38  29 

8  II  58 

s  17,  22 

8  is  37 

8  53  :•:• 

-  i 

'.i  7,  26 


30.49 
30.01 
30.48 
30.23 
29.64 
28.54 

27.61 
26.97 
25.06 


51.00 
50.52 

7.H.74 
50.15 
19.05 

18.12 

17  is 
1 7,.  7, 7 


Apparent  semi  equatorial  diam.  =20' 
Correction  for  phase  =  -    0 


In  all  tho  observations  made  at   the  5Terkes  Obsen 
the  recorded  times  are  sis  hours  slots  of  Greenwich. 

The  apparenl  iemi  diameters  of  Jupiter  thai  I  have  given 
here  bave  bad  the  phase  correction  applied  to  them  before 
using  for  reduction  of  the  satellite  measures. 

During  this  work,  and  while  looking  for  the  satellite  al 
other  times,  the  position-angles  of  the  belts  of  JupiU  rhave 
been  measured.  In  the  :e  detei  rainal  ions  1  have  n 
greater  number  of  settings  than  in  mj  previous  obser- 
vations cit'  the  belts.  In  each  case  thej  represenl  the 
apparent  position-angle  of  the  greal  equatorial  belt.  The 
Bettings  were  made  with  considerable  care,  and  the  obser- 
vations are  a  continuation  ul  im  measures  previously 
printed  in  the  Astronomical  Journal  (275,  285  86,  325, 
367). 


Pi  iSITION-A  Si. 1  1  - 

,i     im     B 

1   l>    OF 

■    1 1 r-.  -low 

L897  Dec.      7 

,,f  i.r.l 
i,       in 

18     0 

P.    \. 

1  1  7,  s 

7. 

2d 

16     7, 

116.0 

n 

26 

Is    13 

1 15.0 

1 

27 

1 14.5 

3 

1898  Jan.      6 

16     0 

11  l.'.i 

1 

2  1 

15  20 

1  1 5  7, 

7, 

Feb     21 

12    12 

1  L6.0 

.". 

7 

12  20 

115.3 

.'. 

15 

12   7.2 

1  1 5. 1 

1 

19 

1  1      li 

115.6 

.", 

23 

In  50 

1I7.ii 

1 

11      7, 

1  16.6 

1 

Apt        2 

10    10 

117.7 

7. 

tl 

'.i  55 

116.6 

1 

L30 
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N°  47 


Sept.  L2 
L3 
14 


16 


POS N  A  N'.i.i 59.  •  '■■Ml. 

Date  (6  hrs.  slow  of  Gr.)  P.-A. 

L898  Ma]      3      8  lo"  IH'..:- 

'.i       '.i     ii  115.3 

16       7  45  114.6 

June    L3       8  20  1  L5.5         I 

L899  Fe 


May 


1 

17 

25 

1  L2.2 

I 

13 

l<: 

ii 

109.4 

I 

26 

i:. 

22 

107.0 

1 

5 

13 

u 

L07.8 

1 

IS 

I:: 

50 

107.8 

1 

18 

1 1 

35 

1  L0.2 

1 

L9 

li' 

50 

109.6 

1 

25 

li' 

ii 

1  111 

1 

1 

1 1 

10 

109.5 

1 

8 

LO 

I'u 

in.;. 

1 

l'l 

9 

1.-. 

L13.6 

1 

22 

9 

in 

113.1 

.-■ 

Position 

A.NGLES    ■ 

Ii       in              Ii       hi 

a 

66.6 

67.4 

11         1     In    1  1      1  1 

67.4 

1.",     17    In    1.".     48 

117.1 

1  i       0  to   1  1       7' 

(i7.lt 

66.8 

1(1        S    In    1(1    1>1( 

67.0 

11'    36    !■■    11'    44 

67.1 

9    is  in  in    17 

66.7 

11'   13  to  11'  55 

66.3 

In  the  previous  papers  in  the  Astronomical  Journal, 
I  have  given  tin-  measures  of  tin-  satellite  in  two  coordinates, 
principally  ii  perpendicular  to  the  axis  of  Jupi- 

ter,    A  good   man  m  the  north 

outh  limbs  of  the  planet  were  also  made.  It  was 
customary  in  these  latter  measures  to  place  the  v.  in--  par- 
allel with  ii..-  belts  of  Jupiter  for  I  \  slight 
error  in  jucb  a  etting  would  affect  the  measures  appreci- 
ably, aud  I  should  have  given  tin-  position-angles  of  the 
wires  for  these  settings.  Such  an  error  would  not  sensibly 
affect  the  longitude  measures.  A  record  was  kept  of  the 
original  settings,  and  as  tin-van'  important  in  future  m- 
u  ions  of  1 1m  orbit  of  th  '  •  lected 
these  and  have  converted  them  into  position-angle.     They 

folli  1V1   : 


Nov. 


Wires   in   the  Latitude   Mkasiimcs  in    ISiii'  :>:;  ill. 

ins 

Nov.   I'd  .    .    . 

1683 

Sept.  l'l  ... 

Nov.     c.  ... 

11'  ... 

13  .    .    . 

19  ... 

Dec.  10  ... 

ISM 

Nov.    Is  ... 


7 

s  53  in    9    3 

17 
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In  A.N.  3404  l'i-.  Fimtz  ('mix  has  an  exhaustive  inves- 
tigation of  the  orbit  of  the  Filth  Satellite  from  the  obser- 
vations by  Sn.-i  ve,  and  by  myself  previous  to  1895.  I 
was  not  in  this  country  when  Dr.  Cohx's  paper  appeared, 
and  though  I  saw  it  then.  1  hail  not  noticed  the  value  he 
hail  obtained  for  the  motion  of  the  perijove,  which  seems 
in  have  1 11  '.111°. 7  annually.  My  attention  has  but  re- 
cently been  railed  to  it. 

This  value  does  not  seem  to  satisfactorily  represent  the 
elongation  distances  which  I  have  given.  I  have,  however, 
used  Tisseraxd's  value  tor  the  eccentricity  and  major  axis. 

On  1893  Nov.  ('..  1  find  that  for  the  longitude  measures 
the  position-angle  <.l'  the  wires  for  the  distances  was  165  .5, 
Terkes  Observatory,  Williams  Hay,  Wis.,  1899  Oct.  7. 


which  was  found  to  be  2°.0  in  error  by  a  misreading  ■■!  th.. 
circlewhen  setting  for  the  parallel  of  the  belts.  Thiswould 
produce  an  error  of  only  about  0".02  in  the  longitude-meas- 
ures. It  this  error  also  entered  into  tin'  settings  fo 
latitude-measures,  it  would  he  decidedly  noticeable.  From 
Dr.  Cohn's  paper  in  .I..V.  :;  in  I.  I  presume  the  error  also 
entered  into  the  latitude-measures.  There  is  a  note  t..  the 
effeel  that  the  position-angle  of  the  wires  for  these 
tires  nn  thai  date  was  either  77.7,  or  75°.5.  This  was 
overlooked  when  preparing  the  manuscript  for  printing. 
For  the  latitude-measures  this  makes  a  difference  of  about 
one  second  of  ate.  which  will  account  for  the  apparently 
large  discrepancy  on  1893  Nov.  6. 


XOTE   OX   STARS   IX    THE    GREAT    NTEBULA    IX    ORION, 

By  J.   ADAH!    LYON. 


While  engaged  in  work  upon  the  star-Cluster  of  the 
central  part  of  the  Great  OHon-Nebula,  with  the  26-inch 
equatorial  of  the  Leander  MeCormick  Observatory,  1  no- 
ticed on  the  night  of  Sept  em  her  1  I.  several  faint  stars  which 
did  not  appear  upon  Bond's  ('hart  and  Catalogue  of  this 
cluster,  as  published  in  the  Annals  of  Harvard  Observatory, 


Vol.  V.  Two  of  these  stars,  a  and  b,  as  designated  below, 
were  undoubtedly  glimpsed  on  the  night  of  1898  November 
l'l'.  l.ut  were  not  seen  upon  any  other  night  during  that 
opposition,  though  careful  search  was  made.  The  night  of 
September  14  was  exceptionally  tine,  and  these  stars  were 
seen  without  difficulty,  one.  and  probably  three  more,  being 
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seen  in  tlie  same  field.     On  Sept.  15,  I  obtained  meaures  of 
Ik  and    16  of  stars  a,  b  and  c,  with  reference 
of  Bond's  Catalogue,  which  me  iven  : 

Star  Ja  JS        Comp.  Star 

a         —15*20  -65.90         690 

/,         -11.87         -61.17         690 
c         -  3.00  36.23         690 

Two  other  stars.  </  and  .-.  are  also  suspected,  measu 
the  positions  of  which  1  was  unable  to  obtain  at  thai  time. 
These  lie  roughly  about  a  third  of  the  distance  fn 
to6S0,  and  a  little  preceding  the  line  joining  these  two  star-. 

I    e   magnitudes,  based    upon  a   comparison    with    the 


Bond  stars  in  I  hi  =  701  >  b  =  e  > 

ranging  in.: 

I  will  be  v.-ry  much  obliged 
large  instruments  if  th< 
oi  tbesi 

any  information  of  j  pn 

•/  is  probably  identical  with   star  55         3  ■    mi.'- 

catalogue  of  tin-  cluster,  bul  d 
by    Bond.     '  if  the   others,    I    can    find    no    p 
cord. 

Charlottettille,  1899  Sept.  1!'. 


The  followin 
these  elements : 


ELEMENTS    AND    EPHEMERIS   OF   COMET  e  1899  (giacobini), 

Bi    C.   I).   PEEBIN  I 

Tin-  character  ol  the  orbit   is  Buch  that  an\  • 
latitude  will  cause  a  much  larger  error  in 


observations  were  used  as  the  basis  for 


1899  (.r.  M.T 

Oct.    1 
16 


A.pp.  a 


\V\..  8 


6  38  27 

15  4.-,  20 
11    I.".  28 


16  31     0.7       -4  39  50 
16   10     8.02     -2  37   19.1 
16  53  1368     +0     1    11.1 


Knii. 
Mt.  II. 
Ml    II. 


Parallax   and   alienation   corrections   were  applied,  using 
data  from  the  orbit  com] 

oftheUnive,  a  bj  Miss  \.  Hobi  and  Messrs. 

Y.  Ki  \".  S.  C.  Pinri's  and  II.  Spkagi  e. 

The  following  element-  result: 


a 


-     1899  Sept.  15.0430  Greenwich  M.T. 

10  .".1   55.9) 

1 
76  55   18.8  ) 


logy   =  0.251754 

O-C:       Weosfi  r-8    9     .      l/i'  =  +  1".8 

tick  Observatory,   I 


Constants   for   i  m    Eqj  ltor  oi    189 

X      = 

'/  = 

z   =   [9.991796]  r  sin  (346  •"   1.".  I 
I'.iin  m i  i.i-  fob  Greknwich   Mi  \\   Midnight. 


1- 

i 

rue  a 

True  « 

lir. 

N"o> 

13.5 
15.5 

i 
17 

:'.'.'  37 

+■    7  ::7.:: 

0.405 

0.57 

17.5 

11'  52 

8  41.8 

0.410 

19.5 

16     8 

;»  1  L3 

21.5 

19  25 

9    16  8 

2 

2 .".."' 

:.i'  1 1 

10   19.6 

25.5 

56     3 

in  52.6 

0.420 

27.5 

17 

.".'.'  24 

11    . 

v 

29  r, 

IS 

2    15 

1  1    .V.i  1' 

0.424 

Dec. 

1.5 

6     8 

12  3 

:;..-, 

is 

'.•  :;:' 

+  13 

0.429 

The  unit  of  brightness  i-  thai  ■ 


PERIODICAL   CHANGES    IX    THE    FORM    OF   THE    QEGEXSCHEFN, 

B  IRXAKD. 

"Th  le    ini. nth    i 

'd   round  and   \. 


By    1      I 

In  previous  papers  on  I  le-   G  \.J.  Vol.  VII, 

No.  168;  Vol.  XI.  X...  243;  Vol.  XI II.  No.  308,  and 
Vol.  XVII,  No.  103, 1  have  called  attention  to  an  import- 
ant change  -among  other  changes—  in  the  form  el  the 
Gegenschein,  which  occurs  in  the  first  part  of  October.     In 

a  recent  summatii i  the  results  of  fifteen  years'  ol 

tion  of   the   Gegensehein    (Popular     \str  ,  Ni     64  .    I 

have  again  called  attention  to  the  change.  This  ■ 
of  form  must  have  an  important  hearing  upon  any  tl 
of  t  he  '/.  ■;.  nschein. 


being  as  much  as  20 

\  bout  the  first  of  Octobi 

4th   or  .".th   of   the   mouth    it 

about   the  10th  or  i  ith  it   i  • 

along     tl clip! 

when 

stretching  a 
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I    have  carefullj  watched 
present   month,  and  the   observations    have   Eullj    verified 
t  he  :ii">\  e  -I al emenl s. 

In   September  it   was  large  and    r id  and   verj  dense) 

being  al  lea  >l  20    in  diameter. 

In  the  middle  of  September  a  feeble  zodiacal  band 
seen  running  from  il  to  the  east   and   passing  between  the 
Pleiades  and    Hyades.     This  band   was  about    5    or  6    in 
d  i  imeter.     There  was  no  band  to  the  w  est. 

The  first  few  days  of  October  the  Gegenschein  wa 
Terkes  Observatory,  Williams  Bay,  Wis.,  1899  Oct.  17. 


and   dense  and   round.     By  October  6  it   seemed  slightly 
elongated  in  the  ecliptic.     By  the  7th  and  8th  it  appeared 

smaller  in  a  north  directio id  extended  along 

iptic.     ]'•>  October   L2  it  was  verj  much  elongated 
ecliptic,  being   20   to  25°  in  length,  but   nol   more 
than  If    in  width. 

I  send  this  note,  because  the  Gegenschein  has  attracted 
considerable  attention  of   late,  and   this  change  of   form 

must  be  taken  into  account  in  any  il ries  tending  I 

plain  t In-  phenomenon. 


OBSERVATIONS   OF   MINOB   PLANETS   AM)   COMET  a.  1899  I, 

HADE     \T    III  K    SAYRE   OBSERVATORY,    SO.    BETHLEHEM,    PA., 

Ilv  JOHN  II.  OGBUEN. 


L899  Bethlehem  M.T. 

* 

( !qmp. 

Object  —  * 
da           I             Jo 

( ibject'a  Apparent 
|           8 

log  pA 
fora      I       fin  S 

(287)    Nephthys. 
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(17)  Thetis. 
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7 

6 
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16 
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8 

9  18  18 

S 

G 

+  0 

5.46 

-5  15.0 

15 

59  47.86     +  16   13 
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»9.406 

n9.703 

June  3,  7,  8,   Ju  measured  directly. 


Mean  Places  for  1890.0  of  Comparison- Stars. 
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a 

Red.  to 
app.  place 

8 

Red.  to                                              .     , 
app.  place                                           Authority 
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13  52  52.65 

+3.24 

+   5  36  40.0 

-16.5 

Mt  9678 

5 

15  28  59.27 

+  3.55 

-   8  50  35.5 

+    7.4 

\  (2  Gould  A.C.  +  Brux.) 

6 

17  16  22.14 

+  3.24 

+  5:;  52     8.9 

-  5.3 

Rogers,  Cambr.  A.G.  Catal.  522.". 

7 

10  in  57.48 

4-:;. 29 

+  47  50  59.2 

-   4.0 

Bonn  VI,  2319 

8 

15  59  39.12 

+  3.28 

+  46  19     1.1 

-   3.7 
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THE    POLAE    COMPRESSION    OF   JUPITER, 

Bl    W.    S.    ADAM--. 

The  recent  careful  determination  by  Professor  Bars  led 
of  the  motion  of  the  line  of  apsides  of  the  fifth  satellite  of 
Jupiter  renders  possible  a  determination  of  the  polar  com. 
pression  of  the  planet  which  may  lie  of  interest  in  view 
of  the  numerous  micrometric  observations  of  the  same 
quantity. 

The  expression  for  the  potential  of  Jupiter  upon  tin- 
satellite  may  be  written* 


'-«[*(?' 


it 


-sill-rt 


]-« 


+  '\ 


where  M  is  the  mass  of  Jupiter,  a,  its  equatorial  radius. 
e,  its  polar  compression,  <f>  the  ratio  between  the  centrifugal 
force  and  weight  at  the  equator,  r  the  disl 
centers  of  the  two  bodies,  and  S  the  satellite's  declination 
referred  to  the  planet's  equator.  Observation  shows  8  to 
be  extremely  small,  and  it  may  be  neglected  without  sensible 
effect  upon  the  result.  I\  is  the  perturbing  function  due 
to  the  flattening  of  Jupiter  and  hence  for  the  motion  of 
the  perijove  we  ha  vet 


dt 


Vl-e-    .'I 


1 

'V 


,t\\      fMa  ,v      ,.\_r 

177  ~  :'„,.,<■  v"'~-  V   ?e 


i  Imitting  periodic  terms,  and 


dm 

777 


■(?)'(*-**)*"•  1m  =  ©V**)"1 


in   which  'i  denotes  the  semi-major  axis  of  the  safe 
orbit,  and  n  its  mean  motion. 

To  compute  \<f>  on  tl  A   the   non-homogeneous 

character  of  Jupiter  we  find  the  formulas 

|+  =  *X"  f  ••■ 

where     K"  =  S*»'+?(¥t'')s  I  '''+•  •  • 

and  v>  =  0.001150  (jn)(pj 

•Tisskb  wo.  Ifi   aniq      C     tte,  t.  II,  p.  210. 

tTlSSEB  w  h.    tfl  ■  ■•■     /     ■    '  ■  .1.1,1'.   ll'1''1 

)',  rfces  06si  rr.it. .r,/.    1899   Von 


Taking  the  values   of  -,  and   T  and    7"  given    by  the 
P 

ire  '/"  /-'»/•.  ■  tiud 

i<l>  =  0.04214 

Furthermore,       =  2.55,  and  n  =  —  =  722   I 

"i  T 

e  day  as  the  unit  of  time.     For  the  daily  motion  of 

the    pi  I  Barnard    rinds   a   value   of 

2    165,  bj  cob  tuning  observations  extending  over  the 

years  since  his  discovery  of  the  satellite  in  1892. 

The  substitution  of  these  quantities  ; 

,■,  =  0.06432  =  ri>„ 

\  result  in  close  agreement  with  the  heliometei  mea 
ot    Bessel  and    Schi  R,  and  the  di  micrometer 

measures  of  K  lisi  a* 

I     -  result  may  be  applied  to  the  investigation  of  the 
principal  moments  of  inertia  of  </» 

If  we  denote  by  .1  and  C  the  moi  ertia  of  the 

t  to  its  axis  of  rotation  and  to  an  a 
the  plane  of  its  equator,  we  rind 


1/ 


e,-i«p) 


earth's  mass  and  its  equatorial  ra>. 
this  formula  \ 

I     C  =  560  l- I 

An  assumption  as  to  the   law  of  the  .: 
from  the  surface  to  th( 

..-  the  solution  of  the  well-known  form  of  Clai 
equation 


I      ' 


=  («,-**) 


| 


whence,  by  combination  with 
.1  and  ■  ined. 


| 
the  ab 


Bars  lrd's  numb 
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ELEMENTS  OF    EXOS, 

V.\    1 1  i:n  i;  V  NORMS  RUSSELL. 


Five  normal  places  have  been  for 1  from  observations 

made  al  the  Chamberlin  and  Lick  Observatories,  and  pub- 
lished in  A.-i.  H'>.">.  164  and  169.  M\  elements,  published 
in  A.J.  157,  do  nol  represent  them  satisfactorily.  The 
value  of  p  there  given,  being  thai  deduced  bj  l>r.  Chand- 
iaa:  from  five  years'  observations,  has  been  retained,  as 
have  also  the  values  of  Q,  and  i,  which  were  closely  de- 
termined by  the  observations  of  August  December,  1896. 
The  mosl  probable  values  of  the  corrections  of  the  other 
elemenl    have  been  determined  by  Least-squares. 

The  resulting  elements  are  as  follows: 


■'.  1 11 1 

•ll 

= 

KS'.IS 

A  i 

i  gust 

.1/ 

= 

221 

.".7 

2.0 

«u 

= 

177 

39 

10.6 

ft 

= 

303 

•_".i 

57.3 

1 

= 

in 

Hi 

31.0 

1898.0 


'I   = 
f-  = 

a   = 


L2°  52'  14".2 
2015".2326 
0.1637876 


For  Equator  of  1899.0. 

[9.9946090]  r  sin  (w +211  38  29.0) 
-   [9.9414807] r  sin(w+116  34  7.7.7) 


z  =  [9.7081149]  r  sin  (v+li 


38.7) 


The  new  normal  places,  and  those  pre 
A.J.  l"'7.  are  represented  ae  follows  : 


•  l|:-l -|:\  I  h     N  i 


1898 
Gr.  M.T. 

Aug.  1 7.5 
24.5 

Sept.  t.5 
13.5 

Oct.  11.5 

Nov.  11.5 

Dec.    8.5 

28.5 

1899 

Mar.    1.5 

15.5 

Apr.    2.5 

May    4.5 

20.5 

Princeton 


So. 

Oils. 


21  20  50.89 
21  8  L6.15 
20  55  35.58 
I'd  ii  54.33 
I'd  36  L9  66 

20  39    2.16 

21  L2  :!4.47 

22  o  14.48 
22  44    0.54 


rmals   L898.0 

a 

6  21  '-'7.:; 
618    .1 

-  6  is  L2.6 
6  21     4.2 

_    c,  :'ii  13.0 
6    2    3.1 

-  4    5  L6.6 

-  o  38    4.7 
+   2  7.7  39.2 


•  o  "i 
n. u| 

t  0.08 
0.13 

-0.16 

-0.13 

ILL'S 

+0.09 
—0.05 


Observed  Normals   1899.0 


1  37  17.37 

2  24  35.74 

3  30  28.49 

5  .'!7  1 3.5 1 
('.  41     8. 1 1 


+  17  27  13.7 
+20  I'll  57.6 
+23  5  13.4 
+23  16  55.3 
+21  45    0.5 


0.05 

0.02 

-0.05 

+  0.10 

+  O.01 


+ 1 .9 
0 

-1.1 
n  6 
1.0 
2.6 

+  1,1 

+2.1 


+2.1 
0.4 

n.i' 
+  1.1 
+  1.1 


Cuim-sit,,.  1899  Oct.  30. 


ORBIT   OP   XEPTU1STE'S  SATELLITE, 

llv    STIMSON   J.   BROWN. 

FROM    OBSERVATIONS    WITH    THE    26-INCH    EQUATORIAL   OF   THE    O.S.    NAVAL    OBSERVATORY. 

(Communicated  by  Prof.   \V\i.    Harkness,   I'.S.X.,   Astronomical  Director.) 


The  observations  of  the  satellite,  extending  from  1897 
Oct.  13,  to  1898  Mar.  5,  were  made  on  every  clear  night 
during  that  interval  when  it  was  visible.  Besides  the 
forty  successful  measures,  there  were  seventeen  clear 
nights  on  which  the  satellite  was  invisible.  The  image 
of  the  planet  was  seldom  well  defined,  sometimes  so  agi- 
tated that  it  appeared  little  like  a  planetary  disk  ;  except 
on  a  few  nights,  the  satellite  was  very  difficult  —  faint, 
unsteady  and  diffuse.  Only  rarely  were  the  conditions  of 
transparency  and  steadiness  of  the  air  such  that  the  satel- 
lite was  easily  visible. 

Much  of  the  poor  seeing  was  ascribed  to  the  radiations 
from  the  thick  marble  walls  of  the  dome  building,  the 
massive  concrete  pier,  and  the  cement  floor  of  the  base- 
ment. The  importance  of  the  last  two  causes  may  be  seen 
from  the  fact  that,  during  the  winter,  the  temperature  of 
the  ground  immediately  underneath  the  cement  floor  re- 
mains constant  at  57°  F.  These  unfavorable  conditions 
were  increased  by  the  necessity  of  keeping  the  temperature 
of  the  basement  above  the  freezing  point  for  the  protection 
of  the  hydraulic  machinery  of  the  elevating  floor. 

During  the  past  summer  (1S99)  the  pier  and  the  base- 
ment floor  and  walls  have  been  covered  with  an  insulating 


sheathing,  consisting  of  two  thicknesses  of  matched  pine 
with  a  layer  of  tarred  paper  between.  It  will  therefore 
be  possible,  during  the  coming  winter,  to  determine  to  a 
certain  extent  how  much  of  the  bad  seeing  experienced  in 
the  winters  of  ''.17  and  '98  was  due  to  the  building,  and 
how  much  to  general  atmospheric  causes. 

A  Steinheil  achromatic  eyepiece,  giving  a  magnifying 
power  of  606,  was  used  throughout.  All  measures  were 
referred  to  the  estimated  center  of  the  planet's  disk,  and 
the  distances  were  obtained  by  the  method  of  double- 
distance  measures.  The  micrometer  wires  were  illuminated 
a  dull  red  color,  by  means  of  a  small  hand  lamp,  as  in  all 
measures  with  this  instrument.  In  the  experienced  hands 
of  Mr.  George  Anderson,  it  is  tolerably  satisfactory  ;  but 
I  was  impressed  with  the  decided  advantages  of  the  sys- 
tem of  electric  illumination  as  installed  on  the  Yerkes 
40-inch  telescope.  Not  only  is  the  intensity  of  the  illumi- 
nation easily  controlled  by  the  observer,  but  the  amount 
of  stray  light  in  the  field  is  so  small  as  to  be  practically 
inappreciable. 

The  observations,  given  below  in  tabular  form,  need  no 
special  explanation.  The  seeing  is  indicated  on  a  scale  of 
5,  3  representing  an  average  condition  of  image  of  this 


>""  i; 


T  II  E     A  STRONOM  ICA  L     .1  OUENA  I.. 


1.'.: 


pavticulai  object,  however,  so  that,  it  is  not  a  measure  of 
the  atmospheric  conditions  generally ;  the  weights  were 
based  on  the  remarks  in  the  observing  books,  the  scale  be- 


in-  purely  arbitrary.     N 

altered,  and  I  :lance 

with  the  original  notes. 


1 891    8.     (  Ibservations   Nep 

i  i.i  1 1: 

a   Telesi  OP] 

.    Nav  LL   ObE               .  OBY. 

W.M.  Date 

Position- 
Angle 

\\  ;. 

\\  Wl.T. 

No. 
Settings 

Wt. 

Ren,  a 

1897                h       m 

Oct.    L3   11  56.5 

256?95 

8 

1  1  58.0 

6 

1.33 

1 

Par.  ::.".4  ." 

17  14   17.0 

30.90 

8 

L.00 

1 1  19.5 

12.01 

o 

LOO 

:; 

5 

l.s   1  1   11.5 

8 

LOO 

l  i   i  t.O 

11'. 0  1 

6 

L.00 

:; 

Faint  but  steady.  Par 

l".l   13   1  '.'.'• 

L5.35 

1 

0.67 

13  38.5 

11.71' 

6 

(i.07 

3  i' 

Clouded  over.  p.  not  very  good 

30   L3  19.5 

288.59 

8 

i.:;;; 

13  20.0 

13.42 

6 

1.:;:; 

l 

Nov 

:;  13  26.0 

62.73 

8 

1.00 

13  27. o 

L5.94 

6 

1.00 

:'. 

4   13     0.5 

5.24 

8 

1.00 

13     l.o 

Ki. 00 

6 

l.dii 

:; 

6  12  32.0 

241.70 

S 

1.00 

12  32.5 

16.76 

r, 

L.00 

;; 

Bright  moonlight,  satellite  very  difficult 

13  11'     I  5 

171.95 

S 

1.11(1 

11     :..:, 

L0.48 

s 

1  .(Ml 

2 

Very  faint,  unsteady, 

17  12     2.8 

272.71 

8 

1.00 

li'    3.0 

15.00 

8 

1.(1(1 

2 

Unsteady,  diffnsi 

20  11'     6.8 

90.10 

^ 

1.:;:; 

1  ■_'     -  5 

15.01 

8 

1.:;:; 

3 

Fine  seeini;  but  satellite  faint.  Par 

23  11    15.8 

268.04 

n 

1.00 

11     17.5 

io.i'<; 

8 

Ion 

•  • 

Cold  X.W.  wind 

24   11   23.0 

228. 1 1 

8 

1.00 

11    24.0 

L5.34 

o 

LOO 

l 

27   11    10.8 

44.21 

8 

1.(1(1 

11    ll.o 

1  l  :.o 

8 

LOO 

■  > 

Par.  174  ." 

l".i   11      1.2 

264.66 

s 

LOO 

11     4.5 

16.70 

8 

L.00 

:; 

Dec. 

7   11     '.i.s 

128.80 

s 

l.(i(i 

11      11.0 

11.20 

8 

LOO 

•  > 

Bright  moon.  ^at.  very  faint,  Par. 

11      0  23.6 

257.22 

l 

1.33 

9  32.5 

L6.97 

8 

1.:;:; 

1 

Kin,.  I,iii  thick,  satellite  easily  visible 

11'     11  15.0 

214.15 

8 

1.(mi 

0    15.0 

13.29 

8 

Inn 

2 

Plan,-!  wooly.  sat.-llit,-  faint.  Par. 

1.-.     '.)  38.5 

24.51 

8 

(i.:;:; 

0  57.0 

12.71 

8 

0.33 

1 

"  I'll,-  r                        'i  which   I  ha 

If,     9  31.0 

300.28 

4 

1.00 

0  51.0 

12.11 

8 

1.00 

•» 

Thick,  very  difficult,  clouds 

23     9  11.8 

248.05 

s 

1.00 

'.(    11'. o 

i7.i:; 

8 

1.(10 

:; 

Clear,  high  wind,  telescope  - 

26     9  36 5 

65.62 

s 

1.(1(1 

'.(  37.0 

16.44 

8 

1.00 

•'! 

( lbs, -nation  difficult 

30     9  41.1' 

L83.68 

8 

LOO 

'.(    16.5 

11.03 

8 

1.00 

•  > 

Very  poor,  difficult,  unsteady,  sat.  v.f. 

Jan.98  1     8  53.0 

60.69 

8 

1.(i(i 

8  53.6 

16.14 

8 

Inn 

■  > 

High  \\ ind,  tel 

1     7  57.2 

240.60 

8 

1.33 

7  :.<;.:, 

10.71 

8 

1.:;:; 

•'; 

Par.  17-                                           [and  diffuse 

.-,     s  58.0 

1  75.  15 

8 

l.:;:; 

s  59.5 

10.05 

8 

1.:;:; 

l 

liri^ht  moon, verj  faint,  plat 

8     8  32.5 

351.85 

s 

LOO 

8  31.5 

10.50 

8 

l.m 

2 

Verypoor,  faint,  unsteady.  Par.  11 

13    8     8.5 

52.10 

8 

0.67 

8     8  5 

15.11 

8 

o.07 

3-2 

grows  very  bad 

17    o  .",l.:. 

14S.42 

4 

11.(17 

o  51.5 

L0.28 

s 

0.67 

•  > 

Faint,  clouds,  can't  finish,  v.f. 

18     7  34.0 

87.95 

8 

1.33 

7  33.5 

15.39 

S 

1.:;;: 

1 

S 

1M     7   16.5 

264.82 

8 

LOO 

7  51.0 

L6.33 

S 

LOO 

5 

i  >l,~.  broken  by  clouds,  sat.  distinct  at  times 

I'l     7  30.5 

82.16 

S 

LOO 

7  .•;(>.(> 

15.90 

s 

1.00 

:; 

28     7  it,.:; 

218.66 

8 

LOO 

7   20.5 

1  1.05 

s 

1.00 

2 

Very  poor 

Feb. 

7     7     9.5 

299.56 

8 

1.00 

7      O.o 

11.7s 

8 

1.00 

5 

Par    IT)  .0 

;•    7  :>:<.:, 

204.01 

8 

1.0(1 

7  36.0 

11.07 

S 

1.00 

3 

Verj  faint 

Ki    7     1.5 

117.32 

8 

1.33 

7     2.0 

11  SI 

S 

L33 

1 

Faint  but  steady 

12    7  32.5 

17.82 

8 

1.00 

7  32.0 

1  L.60 

8 

L.00 

•  ■ 

Windy,  very  faint,  unsteady,  diffuse 

L3     6  37.8 

292.15 

8 

1.00 

6  38.5 

L2.68 

S 

LOO 

i  3 

Very  faint  at  first 

I'd     7  32.0 

236.77 

S 

1.00 

7  32.0 

15.65 

8 

LOO 

;: 

Mar 

5     7  55.5 

156.30 

8 

1.00 

7  54.5 

10.06 

8 

LOO 

.". 

Tho  computed  places  and  the  coefficients  of  tin-  equations 
of  condition  were  derived  from  Mai:  ill's  well  I 
formulas,  with  some  slight  modifications,  which  1  have 
found  "t  considerable  convenience;  tl 
Makth's  formulas  have  all  boon  divided  by  the  assumed 
mean  distance,  •'.  which  gives  all  results  in  seconds  "t  ate. 
The  following  table  gives  the  G.M.Time,  corrected  for 
aberration,  the  observed  position-angles  reduced  to  the 
epoch  nf  the  corresponding  distances,  and  the  residuals  in 
s  and  /<  resulting  from  the  substitution,  in  the  equations  of 


condition,  of  the  corrections  derived  from  thi 
ormal  equations.     These,  with  th( 

,,n.  follow  it  '  lie  table. 

Tli,'  .  -      ire, 

i 

,1  =   117.8 
\  L86.50 

n  =     01  25742 

„    ^-       In 
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Neptune's  Sati  i  i  1 1 1    L897    8. 


Greenw.  Mean  Date 

Posltloi 

(  ibsi'i  vimI 

Ingle 

<  'nin|iiiii  .1 

DM 
i  Ibaerved 

I! 

( lomputed 

C- 

-o 

rffl 

l 

V. 

mm 

Oct.    13 

15   5  1.1 

256?90 

258.12 

16*82 

10  00 

•  0*35 

-(J 

.22 

h0.'l7 

0.10 

17 

15  16.4 

30.85 

31.06 

12.01 

12.75 

+ 

.05 

— 

.IS 

_ 

.28 

38 

IS 

15    11.1 

301.95 

30*4.18 

L2.04 

1  1 .05 

+ 

.37 

— 

.00 

+ 

.01 

•     03 

20 

1  1  36.7 

1  1.29 

1  1.96 

11.72 

11.15 

+ 

.13 

— 

.27 

_ 

.20 

-    .35 

30 

1  1   is.:: 

288.59 

200.17 

13.42 

13.38 

+ 

.37 

— 

.01 

+ 

.06 

+    .12 

Nov 

3 

i  l  25.6 

02.70 

63.83 

15.01 

10.50 

+ 

.33 

+ 

.50 

+ 

.11 

+    .10 

1 

L3  5;  1.7 

5.19 

6.65 

10.00 

11.00 

+ 

.28 

+ 

.:;i 

_ 

.11 

+    .21 

6 

L3  31.4 

211.70 

2I2.S7 

10.70 

16.46 

+ 

.5  1 

— 

.50 

+ 

.20 

-    .27 

13 

13     4.9 

171.S7 

175.1  1 

10.  IS 

10.57 

+ 

.25 

+ 

.oo 

+ 

.IS 

+    .06 

17 

L3     2.6 

272.7  1 

275.5:; 

15.60 

15,12 

+ 

.22 

_ 

.27 

_ 

.01 

-    .14 

20 

13     8.3 

00.0  1 

00.50 

15.01 

15.70. 

+ 

.15 

+ 

.12 

.00 

+    .05 

23 

12    17.1 

267. OS 

20S.5  1 

16.26 

15.00 

+ 

.10 

— 

.27 

_ 

.OS 

.15 

21 

12  24.0 

228.40 

22S.S2 

15.34 

15.10 

+ 

.11 

— 

.2  1 

+ 

.111 

-    .24 

27 

12  11.1 

11.21 

I6.2S 

1  1.50 

1  1.70 

+ 

.12 

+ 

.25 

+ 

.14 

+    .05 

29 

12     4.7 

20  1.0  1 

20  1.50 

10.7O 

10.57 

_ 

.04 

— 

.:;:; 

_ 

.26 

-  .23 

Dec. 

7 

12  11.4 

L28.73 

150.61 

11.29 

11,10 

+ 

.50 

+ 

.20 

+ 

.22 

+    .15 

11 

in  32.9 

250.0S 

257.28 

10.07 

16.85 

+ 

.00 

— 

.12 

_ 

.12 

i'5 

12 

10   15.1 

214.15 

214.75 

15.20 

13.33 

+ 

.14 

+ 

.04 

+ 

.07 

+   .03 

15 

10  37.4 

24.60 

2S.01 

12.71 

12.81 

+ 

.00 

+ 

.10 

+ 

.50 

-    .06 

16 

lit   51,1 

299.24 

300.63 

1  2.  1  1 

12.25 

+ 

.32 

— 

.IS 

_ 

.ol 

-    .o5 

23 

10  12.3 

2  is.  05 

248.36 

17.13 

10.02 

+ 

.09 

— 

.21 

_ 

.07 

-    .16 

IT, 

10  37.1 

05.  CO 

65.32 

16.44 

10.SO 

_ 

.08 

+ 

.56 

_ 

.50 

+    .21 

30 

10  46.4 

183.34 

184.59 

11.03 

10.00 

+ 

.24 

- 

.07 

+ 

.19 

-    .10 

Jan.     1 

0  53.3 

60.69 

61.05 

10.1  1 

10.56 

+ 

.28 

+ 

.42 

+ 

.05 

+    .20 

4 

8  56.2 

2  1O.01 

240.79 

16.71 

10,10 

+ 

.05 

— 

.22 

_ 

.10 

—    .22 

5 

9  59.1 

1 75.37 

1  76.34 

10.65 

10.62 

+ 

.18 

_ 

.05 

+ 

.15 

-    !07 

8 

9  31.0 

351.88 

352.33 

10.50 

10.51 

+ 

.08 

+ 

.01 

_ 

.33 

-   .07 

13 

9     7.6 

52.10 

52.75 

15.11 

15.00 

+ 

.17 

+ 

.55 

_ 

.07 

+   .30 

17 

10  50.2 

1  17.-1 

14S.71 

10.2S 

10.50 

+ 

.27 

+ 

.22 

+ 

.17 

+    .14 

IS 

S  32.1 

87.95 

88.26 

15.50 

15.72 

+ 

.09 

+ 

.55 

_ 

.07 

+    .20 

21 

s  49.3 

20  1.70 

205.1  1 

lo.:;:; 

16.03 

+ 

.12 

— 

.30 

_ 

.10 

-   .19 

24 

8  28.0 

S2.ii; 

83.20 

15.00 

16.19 

+ 

.29 

+ 

.20 

+ 

.12 

+    .20 

28 

8  24.1 

218.66 

219.27 

14.05 

13.93 

+ 

.15 

— 

.12 

.07 

-    .12 

Feb. 

7 

S      5,1 

299.60 

301.35 

11.78 

11.79 

+ 

.56 

+ 

.01 

+ 

.01 

+    .11 

9 

8  32.2 

203.98 

203.67 

12.07 

12.14 

— 

.07 

+ 

.07 

_ 

.13 

+    .05 

10 

7  58.1 

117.28 

117.20 

11.84 

12.13 

— 

.02 

+ 

.20 

_ 

.15 

+    .27 

12 

8  27.8 

17.86 

19.43 

11.00 

11.75 

+ 

QO 

+ 

.15 

_ 

.03 

-     .01 

13 

7  34.2 

202.12 

294.07 

12.6S 

12.41 

+ 

.45 

_ 

.27 

+ 

.10 

-   .13 

26 

8  26.0 

236.77 

237.06 

15.65 

15.85 

+ 

.08 

+  ( 

.20 

_ 

.04 

+    .22 

Mai' 

5 

8  47.5 

156.38 

150.00 

!    10.06 

10.06 

+  0.40 

.00 

+  0.40 

-0.04 

S.I 

SN 

SU,                 £ 

i,                    ila 

n 

+  12.0022 

+  1.3847 

_  3.6338  -  0.8748 

+    1.0  157   -   9.4993 

+  0.4486 

+  8.7687 

-    1.4333   +   2.1550 

+    0.07,45   -   2.9549 

t-0.4820 

+  20. 11  o7    +    1.9988 

1.9441    +   0.0143 

-7.1362 

+  52.2200 

+  17.0510    +    2.7150 

-  3.7940 

[ra»6] 

2".524l 

+  96.3191    +  6.6331 

-8.0509 

['•'•] 

2".5268 

+30.7590 

+  0.4834 
+  5.0940 

SJ  = 

+  0.00:!  ±  0.040    = 

+  0.010  ±  0.140 

SN  = 

+   .058  ±     .044    = 

+    .204  ±     .154 

SUa  = 

+   .255  ±     .024    = 

■+  0.895  ±  0.084 

£  = 

+    .020  ±     .018 

v  = 

+   .087  ±    .013 

da  = 

-0.030  ±  0.026 

r,  ±  0 

'.1229 
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Applying  these   corrections    to   the    assumed  eh-: 

there    is    derived    for   the    mean    ej h,    Dec.    20d.4725 

G.M.T.,  1897,  the  following 

CORRECTED    ELEMENTS    FOB    1898.0. 

U  =  309M5  ±  (i.n.si 
J  =  117°.81  ±  0°.140 
N  =  186°.70  ±  (i.l. VI 
w  =  167  .29  ±  11  .5 
e  =  0.00547  ±  0.00262 
a   =   16".270±  0".026 

The  probable  error  of  a  single  observation  is  0".1229. 

From  the  difficulties  encountered  in  the  observations,  I 
had  found  that  the  results  might  be  affected  with  large 
probable  errors.  The  observations  prove,  however,  to  have 
U.&    Vaval  Observatory,  Washington,  1898  Dec.  2. 


been   unusually  good,  exceeding  a  little  in  ac 

made  during  the  same  opposition  ; 
with  the.  40-inch  'i 
given  by  Prof.  A.  Hall  in  thi  Vol.  XIX.  : 

The  results  of  the  tv. 
uncertain  quantities  t  and  e.     Thi 
the  results  of  ii  dis<  itellite 

since  1848,  convince  me  that  these  two  quantil  • 
and  as  close  an  approximation  to  tl 
would  admit. 

I  am  greatly  indebted  to  Mr.  M.  E.  I' 
who  has  made  nearly  all  the  computations  "ti  this  pa] 

antary   labor,  outside  of    his  official    dul 
observai 


MAXIMA    AND    MINIMA   OF   LONG    PERIOD    VARIABLES, 

By  .J.  A.   PARKHURST. 


I".i4.      W  <  'assiopeae. 
Continuing  the  series  reported  in  A.J.  458,  the  star  fell 
slowly  from  10M.0,  1899  Jan.  24,  to  a  minimum.  12M.1899 
May  17,  then    rose   more   rapidly  to  10M.l,  1899  Aug.  6.      I 
have  12  observations  between  the  above  dates. 

4471.     T  Canu  irum. 

Since  the  minimum  reported  in  A.J.  1  •""•« '>.  1  have  24  ob- 
servations between  1898  Aug. 27  and  1899 Aug!  •">.  yielding 
a  maximum  at  8". 8,  1  898  Nov.  '1\\.  and  a  minimum  at  1  1  s. 
1899  April  20.  The  light  curves  for  both  phases  were 
regular  and  the  dates  quite  definite.  From  continuous  ob- 
servations of  three  maxima  and  three  minima  I  tind  the 
period,  from  maxima  286  days,  Horn  minima  !_".»<)  days; 
.1/—  hi.  1  48  days. 

64  19.  T  Draconis. 
I  have  29  observations  since  the  maximum  reported  in 
A.J.  158, yielding  a  well  defined  minimum  L899Feb.21  and 
a  maximum  Aug.  L5.  The  magnitudes  were  11.1  and  8.5 
at  the  two  phases,  respectively.  The  variable  was  fainter 
than  its  10M.5  companion  from  1898  Nov.  25  to  L899  June  1. 
The  light  run  eat  maximum  was  much  sharper  than  usual. 

6549.      W  Lyme. 

Continuing  the  series  reported  in  ./../.  165,  I  have  29  ob- 
servations between  1899  Feb.  15  and  Nov.14.     These 
a  maximum  al  8*.0  June  4,  and  a  minimum  at  11  ".8  Sept.  I. 

6399.      i    Draconis. 

This  variable  has  heen   followed  continuously  since  its 
discovery.      1    have  39   observations  since  the   report   in 
A.J.   156,  yielding   a    minimum    1899  April  5 
limit  of  the  6.2-inch  reflector  .  and  a  maximum  Sept.  4  at 


9*.3.     The  maximum   ■■■  barply  defined  than  the 

minimum  and  the  rapid  than  the  decline.     The 

interval  between  my  two  observed  maxima  is  ;;i".i  da 
tween  the  two  minima  324 

than  the  period  given  by  Dr.  Hartwig  in  A.N 

7085.     A"/''   •■<„,'. 
Since   the  maximum   reported   in  .).■/.   165,  I  have   2 
servations  yielding  a  minimum  at  1' 
maximum  at  7".  I  Aug.  ->'>. 

7.:7'.'.     ST  Cygni. 
Since  the  reappearance  from  the  minimum 
.I.-/.  158  1  have  27  obsi  1899  I 

rise  towards  maximum  was  interrupted  by  a  •■  31 
at  loj"  from  1899  Mar.  1  to  April  20.     A  similar  intei 
tion,  but    one-third  as  long,  can   be  seen  in   the  cur.' 
ceding  the  1898  maximum.     After  this 
to  a  well  defined  maximum  at 
steadily  till  last  certain 

interval  between  the  two  maxima  was 349 days,  which 
be  shortened  a  few  days  if  the  halt  in  the  curve 
smoothed  out. 

7492.      RZ  Cygni. 
In  continuation  -  reported  in  A.-i.  158   1 

29  observations  between  1898  N       La      18991* 
star  fell   slowly  and   irregularly  from  11"  to  a  minimum   at 
1  _•    B,    1899  April  15,  then    ro  ipidly   and 

steadily  to  a  maximum    1899 S        '-'.  at  9".8,  the  brig 
1  have  observed.     It  had  fallen  to  10.8  magnil 
last   observation.     At   maximum  the  variable 

iter  than  the  neighboi : 
which  is  '.•■. l   preceding  the  variable.     The  n 
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minimum  depend  cale    which    I    bave  given    in 

4.2V.  3579,  assuming    L2".8    as   the   limit    of  the  6.2-inch 
reflector. 

A.ndehson's    Variable  in    Pegasus. 
R.A.  21*  i  r>  7».5    ,     Decl.  I  18   50'  17"    ,    (is:,:,). 
This  variable  which  was  announced  in  .I..Y.  3521,  and  of 
which    I  reported  a  maximum   and  minimum   in   A.J.  165, 
li.i    been  followed  through  another  complete  period.     I  have 
20  observations  between  1899  April  I  and  Nov.  L 5,  yielding 
a  minimum  at    L2M.5,  1899  June  LO,  ami  a  maximum  at  9".l 
Sept.  IS,  followed  by  a  fall  to  11".  1   at  the  last  COmp 
The  light  curve  is  regular.     The  interval  between  the  two 
maxima  is   205  days,  and  between    the    two   minima  199 
days;  the  two  values  of  M-  m  are  94  and  100  days. 


7792      SS  (  ygni. 
Since  the  report  in  A.J.  165  1  have  observed  the  follow- 
which   V  represents  the  time  ot  passing  9 ".35  on  the 

rise. 


Epoch 
7.  ihorl 

7,  long 

8,  sle.il 


r 
L899July    2.0 
A.ug.23.0 
Oct.  25.0 


M;i\.  \|.._ 

Julj    3.8  8.5 

\n     26.6  8.3 

Oct.    26.8  8.5 


The  t  hxee  ma  sima  I  by  67  obsi  n  at  ions. 

8324.      I    Cassiopeae. 
From  30  observations  between  1899  Feb.  1  and  Oct.  25  I 
find  a  minimum  at  12".  t  April  16,  and  a  maximum  Aug. 7 
at7*.6.     The  light  curves  pre  ent  the  usual  regular  features. 


OBSERVATIONS  OF    ENCELADUS, 

MADI    Willi    fHE  26-INCH    BEFRACTOB     LT  THE    LEANDEH    UcCORMlCS    OBSEBVATOKY, 


By 

HERBERT 

R.   MORGAN 

En 

eladus-Teth 

ys. 

Encelad 

us-Dioiu . 

i  '.mi. 

isa; 

Eastern  M.T 
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29 

1.         II.         B 
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29 
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56.87 
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30 

LI     '.)":;s 
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11 

5 

8 

47.00 

9  .".1     1 

2511.35 

9 

30 

11 

56.86 
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11 

'.»   1  1  37 

267.20 
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50 

33 

44.34 

in  58  15 

259.1  1 

11 
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21 

64.29 

9  56   11 

267.63 

9 

51 

53 

43.29 

11     8  38 

260.11 

11 

4 

29 

C..V07 

18 

lo  36  17 

17,1.10 

lo 

42 

42 

36.26 

30 

8  35  15 

87.66 

8 

40 

20 

12.66 

10  50  23 

17.S.OO 

10 

13 

49 

36.81 

8    15    Hi 

88.00 

8 

41 

35 

42.79 

11  43  19 
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11 

47 

29 

32.31 

10  24  19 

96.  (IS 
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29 

15 

40.75 

11  52  33 

171.87 
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10 

5 

32.56 

10  34     3 

96.86 
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30 

29 

10.41 

July 

11 

'.»  2  1  57 

290.09 

9 

30 

57 

10.79 

Enceladus-Rhea. 

18 

9  37  :>:, 
11  12  35 
11  22    13 

290.11 
255.98 
256.80 

9 

11 
11 

32 

17 
18 

29 
10 

31 

10.54 
65.76 

66.10 
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29 

9   11   51 

9  51  25 

11    16  27 

11   26  48 

271.11 

271.46 
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271.sc, 

9 
9 

11 
11 

47 
19 

21 

33 

29 

52 

115.09 

115.29 
116.70 
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En 

celadus-Dione. 

30 

8  48  51 

351.79 

8 

53 

28 

20.80 

June 

29 

9     6  11 

191.04 

9 

12 

19 

29.14 

8  59  33 

351.63 

8 

7,4 

33 

20.92 

9  18     1 

194.47 

9 

13 

39 

29.78 

10  43  20 

341.44 
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47 

15 

20.86 

10  43  11 

213.43 
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47 

37 

29.87 

10  52  ."".1 

341. 40 
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48 

19 

20.89 

10  53  11 

215.58 
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29 
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11 

10  22     3 
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28 

16 

68.17 

30 

9     3  59 

261.44 

9 

8 

13 

38.11 

10  26  16 

137.12 

10 

30 

22 

68.39 

9  12     9 

261.69 

9 

9 

10 

38.51 

18 

10  54  25 

300.48 

10 

59 

39 

49.56 

11     (I     1 

267.03 

11 

4 

39 

46.50 

11     5     9 

300.70 

11 

1 

2 

48.97 

OBSERVATIOXS   OF   COMET  e  189!>  (giacobini), 

MADE    AT    THE    LICK    OBSERVATOBY,    UNIVERSITY    OF    CALIFORNIA, 


By 

C.  D.  PERRINE. 

1899 Mt.  HamiltcmM.T. 

* 

No. 

&- 

-* 

ff^'s  apparent 

logpA 

Tele- 

C'omp. 

la 

zfS 

a 

8 

for  a       |     for  8 

scope 

Oct.    2 

8     6  35 

1 

«710  .  8 

-o"'  '.i.e.", 

+  11     5.6 

16  32  59.70 

-4°  12  17.6 

9.630      0.744 

12 

3 

7   11  54 

•  i 

10  ,  8 

-1  43.37 

+   7  34.9 

16  34  22.11 

-3  53  35.3 

9.569 

0.749 

12 

4 

6  59  2  1 

3 

dm .  8 

+  0     6.08 

-   4  17.3 

L6  35   16.7:; 

_3  34  39.5 

11.517 

0.749 

12 

6 

7  21    25 

5 

eZl'O  ,  8 

-0  37,. 70 

-   0     9.0 

16  38  39.99 

-2  56  33.3 

9.592 

0.743 

12 

i 

7  38  46 

6 

11  ,  8 

+  1  31.45 

-   5  55.2 

16  40     S.02 

-2  37  49.1 

9.615 

0.740 

12 

16 

6  38  53 

, 

dW  ,  8 

-0  21.73 

+  2  47.2 

10  .-,:;  i:;.i;s 

+  0     1  44.1 

9.567       0.728 

12 

.\"  i; 
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Mean   Places  for  1899.0  of  Comparison- Stars. 


* 

Red.  to 

Red.  to 

a 

app.  place 

8 

app.  place 

Authority 

1 

16  33     6.56 

+  2.77 

I   23  22.2 

-1.0 

M,  12824 

o 

16  36     2.73 

+2.75 

-4     1     9.6 

-0.6 

- 

3 

16  35  37.93 

+2.72 

-3  30  21.7 

-0.5 

Micrometer  comparison  with  *4 

4 

16  34  23.99 

+  2.71 

-3  25  13-5 

_0.6 

Schjellerup  5893 

;> 

16  39  13.00 

+  2i69 

-2  56  24.3 

-0.0 

5931 

6 

16  38  33.90 

+2.67 

-2  31   54.0 

+0.1 

"           5925 

16  53  32.83 

-0     1      1-7 

+1.6 

Micrometer-comparison  with  %8 

s 

lfi  58  31.06 

+  2.60 

-0     0     8.3 

+2.1 

Radeliffe.,  4434 

'l  indicates  that  J,/  was  measured  directly  with  the  micrometer.     Comet  is  about  1 1th  magnitude,  1 '  diameter,  with  a  very  faint  nucleus 
October2,  Owing  to  a  misprint  in  tie'  code  book  opposite  the  word  "anoint,"  the  date  of  this  observation  was  ti 
receivers,  instead  of  2.075S  as  it  shotdd  have  been. 


m.  Hamilton,  California,  1899  "  tobi  r  21. 


THE    SECULAE     PERTURBATIONS    OF    THE     EARTH    A.RISING 

ACTION    OF    MERCURY, 

\\\    EKIC    DOOLITTLE. 

The  elements  employed  in  this   computation    are   from 
Dr.  G.  W.   Hill's  "New   Theory  of  Jupiter  and  Saturn," 

pp.  192  and  554. 

Mercury. 


log  a    = 


Earth 

100°  21  39*73 
0     0     0.00 

0.01677114 
1295977".416 

0.01  XI  0000 

1-^327000 


ft'  = 


log  a'   = 


75  7  13.62 
7  (i  7.71 
li;  :;:;  8.63 
0.20560476 
5381016".260 
9.5878217 
1  -1-7500000 


Epoch   =   1850.0  G.M.T. 


The  orbit  of  the   Earth   was  divided  into  twelve  parts 
with  regard  to  the  eccentric  anomaly,  ami  the  worh  c 

through  in  accordance  with   l>r.  Hill's  first   nnjiliiii-.it 

Gauss's  method,  exactly  as  in  the  case  of  the  perturbations 
of  Venus  and  Mercury  heretofore  published.  The  agree- 
ment of  the  final  sums,  while  in  general  not  sufficiently 
exacl  for  verification,  was  more  nearly  so  then  in  the  case 
of  Mars  on  Mercury,  or  Mercury  on  Venus,  when  bul  twelve 
points  of  division  were  employed.  Such  test  equations  as 
were  known  were  applied,  ami  the  work  was  also  dup] 
from  the  beginning  with  such  modification,  of  the  formulas 
as  could  easily  be  made.4 

The  values  of  the  preliminary  constants  andoi  the  result- 
ing; differential  coefficients  arc  as  follows: 


del  _ 
dt  JxT 


L  dt  Joo  L  dt  Joo 
L  dt  Joo 


8710.1780m' 


-  824986.23 


+■     L8814.333 


dt    |oo 


=    -     15740.112    ,„■ 


+2948201 


PROM     THE 

log  c 

(400270 

116  1467 

p  1.27  1  1888 

n4.1970078 

•  95572 


Th [uations  of  Mr.  I\\i  -.  sin  q  .  j  B  '  +cosq  .  /•' 

is  found  to  give  the  residual  +0.000 106. 

If  we  adopt  for  m'  the  value  given  above,  there  finally 

results  : 


/  =      7     it     7.71 

log  k 

=  p9.9992608 

//  -     53   is  31.10 

log  A' 

=  P9.9974965 

//'  =  28  .".1      1  99 

log  c 

=  p7.801  7096 

S     -   25  25   13.33 

c 

',.■:.•;  I  1603 

A'        25     3  36.28 

•The  following    obvious    error  juts    in   Zkch's 

Additions  und  Subtractions  Logarithmen.     S id  edition:  on  page 

694,  90886  should  be  00886. 


|_  dt  Jo,,= 


00116  L3570 


.10999  81« 


•  0.0025085775 


0020986812 


These  results  have  been  published  by  I.rYi  BBB 

%servatoire  de  Paris,  Tome  II,  page  ie  l\', 

pages  11   and   12),   and   also   to   three   significant  figuri 
Newoomb  ("jS  ■  J         lions  of  the  Orbits 

Inner  Planets,  336  and  337).      The  values   of  dp 

and  dq  have  been,  computed  also  by  Dr.  lln 

pages  51]   and  512).      If  we  reduce  all    results   to  the  above 
value  of  in',  the  various  coefficients  compare  as  follows: 
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I.i  V  E8  :ii.i:              \  i  u,  ..mi; 

Hiii 

Method  ••!  Gai  68 

=    -0.001  L6            o.ool  L6 

IK. 

0.001 

161 

16 

1  dp  - 
\_dt  _ 

=   +0.002 

on 

50          1-0.00251 

+  0.00250  I'.i 

+  0.002 

508 

58* 

=    — 1 2 

DO 

09            o.ooi'  lo 

—0.00209 

56 

—  0.002 

09868 

e 

rd*- 

=    -0.001  M         -0.001  84 

no 

0.001 844 

"'.i 

SIOXAL 

\_~3t_ 
RESU 

=   +0.393 

110 

1             .... 

+0.393 
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S     9                      15.951 
=  Prof.  Dr.  L.  Weini  k. 
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=  Adjunct  Dr.  B 

.  Spi 

1   LLER. 
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=  1st  Assistant  Dr.  K 

V.   1  >PPOLZEK. 

Prag, 

K.K. 

1899  0c?.  31. 
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THE   VARIATION   OF  LATITUDE   AT    MOW    YORK,   AND    A    DETERMINATION 

OF    THE    CONSTANT    OF    ABERRATION,    PROM    OBSERVATIONS 

AT   THE   OBSERVATORY    OF   COLUMBIA    UNIVERSITY, 

By  JOHN    K.  REES,  HAROLD  JACOB?  am.  II.  S.   DAVIS. 
Third   Paper. 


The  observations  reduced  in  this  paper  were  made  be- 
tween January  1898  and  December  1.S99.  by  Professor 
Johs  K.  Eeks  and  Dr.  II.  S.  DAvis.  The  latter  resigned 
his  position  at  Columbia  University  on  June  !•">.  L899,  but 
on  account  of  an  illness  of  Professor  ReES  the  obi  I  r  ■  a1  ions 
between  June  15  and  July  L5  were  made  voluntarily  by 
the  other  observer.  Professor  Jacob?  has  had 
charge  of  the  computations,  which  were  made  by  Miss 
Habpham,  assisted  by  Misses  Magill,  Tarbox  and  Davis. 

Again,  the  Observatory  is  indebted  to  Miss  ( '.  \Y.  Bri  •  i 
for  the  funds  necessary  to  carry  out  this  work. 

The  Director  of  the  Observatory,  Professor  Kris,  pro- 
poses to  cease  observing  in  May  1900,  when  a  period  of 
seven  years  of  continuous  latitude  observing  will  have  been 
finished. 

The  observations,  including  those  discussed  in  our  two 
former  papers  (A.J. 401  and  451),  have  been  divided  into 
four  series,  as  follows  : 


Series  A,     May  1S93  to  July  1894,    818  pair.,  by  Rees 

302  ••       ■■  Jai 

654  " 

15,     July  1894  to  dan.  L896,     771  " 

310  •■ 

C.     Jan.   L896  to  dan.  1898,  L065  •■ 

77  1  •• 

1).      dan.    lS'.IS  to  Dee.   1N99,     951  " 

873  " 


■■  Davis 

•■  Rees 

■■  Davis 

••  Rees 

••  Davis 

••  Pees 

••  Davis 


Total  pairs,        6518 


This   table   shows   the  individual    observers    to    have 
measured  : 

Rei   .  3605  pairs 

Jacoby,  302      •• 

Davis.'  2611       •• 


Dotal, 


6518  pairs 


The   next  table  contains  mean   values    of  thi 
de   differences   as   determined    from    the 
groups,  as  well    as    the   effect   on   them   of  an}-  error  in 
Struve's  •      The  qua)  I  I  i  fined 

li\  i  he  equal  ion, 

■''  =  imi.)1  i .-,  i  x  (correction  required  by  the i  -      1451) 

Table  of   Mean   Observed   Differences  of   Latitude. 


Si 

A 

1    11 

11    111 

III    IV 

IV    1 

B 

1  II 

11  111 

III    IV 

1\  1 

C 

I  11 

II  111 

111    IV 

IV    1 

D 

I  II 

11  III 

III    IV 

IV-I 

DIff.  of  Latitude  and 
At..  Effect 


-0.018  +  19.2a; 

+   .132  +11.9 

-   .038  +12.2 

-0.111  +18.9 

03  +19.1 

+   .085  +11.6 

•  062  +11.5 
0.166  +18.3 

+0.011  +19.6 

+   .114  +11.6 

+   .005  +11.1 
-0.203 

•  0.030  • 

+   .080  +12.0 

+   .001  ■+  10.9 

0.186  +18.9 


•.'7 
206 

n 


62 

71 
70 

101 
104 

lot 
101 

9  1 

106 
136 

111 


Prom  these  data  the 
determination  of  x : 

I'.oi  \  i  ions  fob   Determination   ■ 


. 

Weight 

o.o 

18 

P.. 

0.022    •  60.5 

16 

c, 

0.073    ■  61  l 

26       x    -    •  1195 

D, 

0  07£ ;     =  0 

•J  7       x  =   +0.001236 

I  12 
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The  solution  of  these  equations 

the  following: 

Date 

9  =  a 

9 

— Vc 

Weight 

1898  May    12 

27.. 365 

+6.036 

78 

Values  of  the  Aberration  Uonstani 

26 

27.129 

+ 

.100 

31 

Series  A.    20.4566 

Weight  is 

June  13 

27.501 

+ 

.172 

7(i 

B,         .4525 

16 

26 

2  7. 5:  '.9 

+ 

.210 

63 

('.        .4695 

26 

July   12 

27.488 

+ 

.159 

83 

I).         .1701 

"         27 

26 

27.430 

+ 

.101 

26 

Mean,         20.4640 

"       87 

Aug.  12 

27.506 

+ 

.177 

35 

Sept.    6 

27.5  1'.) 

+ 

.220 

50 

[f  we  take  ±0.16  as  the  probable  error  of  one  observa- 

17 

27.295 

— 

.034 

32 

<  let.      2 

27. 188 

+ 

.159 

48 

tion   of  unit    weight,   the   mean 

result   of   our  aberration 

15 

27. 190 

+ 

.161 

48 

observations  down  to  December  1899  is 

Nov.     1 

27.485 

+ 

.156 

66 

Constant  of  Aberration  = 

±20  .464    ±0" 

.ooo. 

15 

27.354 

+ 

.025 

45 

Dec.     1 

27.251 

— 

.078 

52 

The  corrections  necessary  to  reduce  the  declination-sys- 

14 

27.264 



.065 

32 

tems  of  the  several  groups  to  the 

mean  of  all  are, 

1899  Jan.    1  1 

27.138 

— 

.191 

39 

X 

23 

27.291 

_ 

.038 

48 

Series  A          Series  B           Series  C 

Series  D 

Feb.     3 

27.151 

— 

.178 

32 

>                         » 

s 

n 

23 

27.1  Hi 



.183 

40 

Group      I         -0.056         -0.064            0.094 

-.0.091 

Mar.   13 

27.060 

.269 

26 

II        _  .063         —  .060         -   .061 

-   .038 

26 

27.055 

.274 

17 

III          +    .075          +    .02 

9        +  .068 

+   .058 

Apr.     6 
26 

27.189 

.140 

32 

IV         +0.044          +0.09 

5         +0.087 

+  0.072 

2  7.366 

+ 

.037 

54 

May    9 

27.275 

_ 

.054 

33 

In  the  table  below  we  give  the 

definitive  latitudes  to  be 

14 

27.194 

_ 

.135 

43 

used  in  continuation  of  the  tables 

in  A.J.401  and  451. 

29 

27.207 

_ 

.062 

68 

June  16 

27,159 

+ 

.130 

11 

Definitive  Latitudes. 

30 
July  14 

27.275 
27.309 

— 

.054 
.020 

52 
54 

Series  D. 

25 

27.391 

+ 

.062 

24 

Date                    <?  =  40°  4S'+ 

9  —  Po 

Weight 

Aug.  12 

27.418 

+ 

.089 

57 

1898  Jan.   10               27.205 

-0.124 

36 

22 

27.458 

+ 

.129 

46 

26              27.139 

—  .190 

48 

Sept.   4 

27.322 

— 

.007 

69 

Feb.    10               27.177 

—   .152 

57 

30 

27.397 

+ 

.068 

34 

Mar.     1                27.246 

-  .083 

98 

Oct.  17 

27.451 

+ 

1 22 

40 

17                27.169 

—  .160 

"7 

Nov.    5 

27.361 

+ 

.032 

57 

Apr.     4                27.285 

-   .044 

36 

24 

27.369 

+  ( 1.040 

59 

19                27.401 

+0.132 

24 

Mean 

27.329 

OBSERVATIONS  OF  THE   RELATIVE  POSITIONS  OF  THE   INNER  SATELLITES 

OF  SATURN, 

MADE    WITH    THE    26-INCH    REFRACTOR    OE   THE    LEANDEB    MCCORMICK    OBSERVATORY    OF   THE    UNIVERSITY    OF   VIRGINIA, 

By  EVERETT   O.   EASTWOOD. 
The  angles  here  given  are  each  the  mean  of  two  com- 
parisons.    The  distances  were  obtained  from  measures  of 
double  distances.     Corrections  have  been  applied  for  re- 
fraction. 

Enceladus-  Teth  ys. 


L899 

Eastern  M.T. 

Po 

Eastern  M.T. 

s 

May   2  1 

13h18'"l5b 

222°31 

13h23mi98 

37.35 

13  32     3 

223.31 

13  25  49 

37.97 

15  24  51 

245.10 

15  29  37 

57.85 

15  36  43 

246.40 

15  32  42 

58.36 

June    8 

12  27  58  . 

167.90 

12  31  18 

37.29 

12  36     3 

171.00 

12  33  36 

37.24 

23 

12  39  28 

140.07 

12  42  25 

46.94 

12  57  21 

141.91 

12  44  31 

47.04 

26 

12  11     5 

307.30 

12  16  10 

10.49 

12  22  48 

306.87 

12  19  46 

10.42 

Em 

eladus-Dione. 

1S99 

Eastern  M.T. 

P 

Eastern  M.T. 

8 

Way  21 

i 
13 

(i 

L3 

122?51 

13 

4 

33 

55.39 

13 

14 

56 

124.17 

13 

7 

55 

55. 10 

15 

12 

5 

138.57 

15 

14 

52 

40.67 

15 

19 

55 

140.98 

15 

17 

13 

40.85 

June  26 

12 

28 

22 

148.79 

12 

32 

13 

38.18 

12 

38 

51 

150.58 

12 

35 

8 

38.36 

Enceladus-Rhea 

May  24 

13 

43 

7 

271.89 

13 

46 

55 

86.76 

13 

54 

20 

271.86 

13 

49 

57 

86.68 

15 

41 

20 

275.73 

15 

46 

43 

95.86 

15 

53 

49 

276.54 

15 

50 

15 

96.13 

June  26 

12 

45 

32 

62.57 

12 

51 

40 

29.83 

13 

0 

10 

62.59 

12 

55 

3 

30.24 
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Tethys—Dione. 

/, 

1899 

Eastern  M.T. 

V 

Eastern  M.T. 

s 

1899 

M.T. 

/' 

M.T. 

« 

May  15 

\.2Z%   \\ 

72.89 

li--1'  is"']:' 

5:;. 70 

May    26 

11  'li    19 

Ml  7 

Il"  1 

12  59   13 

74.71 

11'  5  1      o 

55.115 

12     0  25 

84.16 

11    11    11 

13  53  33 

77.98 

13  59  13 

57.63 

li'   is     2 

84.23 

li  ]:.    r, 

11    12  30 

.»,)  22 

1  1     2  26 

56.29 

13  14     1 

13   17     " 

113.93 

24 

10  49  53 

81.18 

lo  54    is 

63.46 

13  21    17 

S7.ll 

13  lo  il 

11  1.10 

11     5  17 

81.96 

in  58  51 

64.41 

13  50  20 

88.40 

13  53   15 

110.11 

11  57  49 

84.98 

12     2   19 

68.76 

1  l     l     ii 

87  95 

13  56  -I 

116.40 

12     8  11 

85.62 

12     5  22 

68.05 

1  l  38  34 

90.03 

llli  25 

118.72 

14     0  13 

91.58 

11     3   H 

74.62 

1  1    is  .-,i 

90.59 

11    I",     5 

110.10 

14  10  11 

91.88 

11     6     'J 

7  LSI 

June    5 

12   13  21 

1  In. '.in 

li   17  ■j:< 

7i  78 

25 

11   15  38 

240.51 

11   19  51 

7 1 . 1  s 

12  54    11 

L41.84 

11   :,n    15 

71.1" 

11   27  40 

2 17. i»» 

11  23  14 

7  1.00 

8 

10  36     7 

37  L7 

in  40  -ir< 

20 

10  56  34 

35.75 

11     1  53 

51.08 

Hi  4&  26 

in   11   34 

11     6  43 

37.30 

11      2  57 

51.(11 

11   23     3 

43.18 

11   17     2 

63.97 

11    47   19 

1  1.5(1 

11  49  37 

51.72 

11   33  17 

45.22 

11  lo  59 

64.59 

11  54     1 

45.88 

11   51    17 

54.91 

12     6  3G 

18.76 

12     o   ll 

13     2  57 

55.88 

13     6     6 

61.74 

12  14  38 

19.65 

11  11    11 

13  10  46 

57.24 

13     8  11 

61.91 

19 

10  4:;  26 

217.70 

in  10  re 

07.  11 

i:;  39  29 

60.38 

13  42  38 

05.H0 

Hi  53     2 

248.93 

Hi   5(i   in 

65.56 

i:;    17  21 

61.16 

13    II    17 

65.10 

1 1   25  21 

250.47 

11  20    lu 

66.10 

14  26  54 

65.36 

11  30  28 

68.87 

11   35    0 

251.19 

11   32     l 

• 

14  30  13 

66.36 

1  1  32  57 

69.62 

12  ir,  n 

252.96 

11   L9  7,:; 

<;<;.:;:, 

June    5 

12  31  32 

233.54 

12  35     6 

11.20 

12  25     1 

253.12 

11   'S2   10 

12  40     0 

234.07 

12  37  29 

40.99 

12  57  52 

155.Hi 

13     1   il 

8 

in  21  37 

291.27 

lo  24  44 

73.17 

13     6  50 

155.0  1 

13     1  21 

65.89 

10  29  55 

292.25 

lo  27  16 

7:;.  17 

23 

L3     l  53 

117.12 

18     s     o 

17..  10 

11  12  22 

294.50 

11   15  21 

00.70 

13  13     9 

120.75 

1.-;  1-  i'.i 

24.70 

11  20  26 

295.28 

11  17  51 

69. 1 1 

26 

13  19  20 

78.33 

13  il   in 

33.58 

11  51  28 

297.80 

11  r,r,  13 

65.28 

13  30  58 

7s.:;7 

13   17    10 

• 

12     0  25 

298.64 

1 1   58     0 

64.84 

19 

10  24  40 

280.91 

in  27  58 

101.45 

10  40  11 

281.59 

10  30  40 

101.90 

lh 

/,' 

11  12  46 

283.10 

1116     1 

100. 76 

May   15 

13     9    lo 

265.22 

1.".  lo  ;;i 

89.16 

11  21  50 

283.60 

11     IS     II 

99.93 

13  2:,  23 

l:;  ii  14 

12     1   13 

285.49 

12      1    21 

97.13 

1110       1 

267.13 

1 1  .:.  1 7 

12  12  53 

286.35 

12     7  38 

00.05 

1  1    .".7   21 

1  1  31   11 

12    17      1 

288.08 

L2  50     6 

93.66 

24 

11   10  L3 

280.70 

1 1   32  58 

136.56 

12  55  31 

288.58 

12  52  56 

93.70 

11   39  •■'.l 

280.73 

11  35  39 

23 

12  51     1 

70.2.". 

12  53  39 

47.47 

11   10    15 

282.11 

li  :;i     l 

134.41 

12  59  11 

77.02 

12  56   L3 

17.70 

11    11     17 

•     : 

11   07    15 

L34.49 

13    12   15 

7S.SC, 

13  47     0 

52.59 

1  1    10      1 

1  l  32  23 

l:;  53  10 

80.03 

13  50  lo 

52.16 

l  I  38  ■::> 

286.65 

l  i  35    7. 

20 

L3     l  30 

150.46 

13     8   17 

15.51 

25 

11   50  32 

19.91 

li    'i  36 

69.50 

13  1 1   30 

L52.24 

L3  in   15 

15.07 

11  in  in 

51.20 

n     i  -■: 

26 

11    10    11 

11   36  33 

109.67 

lio.ii:; 

11    On   57 
11  32     1 

74.46 

70.17 

T 

■ih ii*   HI*' >t 

11   57  :;i 

110.96 

11  59   lo 

May  15 

12  12  24 

281.99 

12  20   11 

34.25 

12     5     5 

LU.51 

11     i  .:> 

71.90 

li-  31   .".1 

282. 1 1 

L2  26     5 

34.34 

L3  2  1     o 

I  I  1.38 

13   17    1'.' 

13  30  55 

280.41 

13  37     9 

34.13 

13  ■■■•2    0 

115.10 

13  .:>   l" 

• 

L3   10    9 

281.33 

13   11     7 

34.61 

1  l     7  39 

116.20 

11     11     is 

24 

11    L0  59 

294.38 

11    L6  28 

77.10 

1 1    17    11 

110.7H 

11    13    15 

63.16 

11  23   10 

294.82 

11   in  I'.i 

70.05 

1  I  .v.   1 3 

118.31 

15      1     11 

- 

l'j   11     '.i 

297.09 

L2   11    is 

71.50 

15     ;•  51 

119.23 

15      1    7.5 

:.s  89 

n  22  51 

297.43 

12    17    11 

71.20 

June     ■"• 

12   59    15 

112.81 

10 

nil  38 

303.77 

II    19   21 

58  51 

13     o  53 

L13.01 

10      7,    I'.i 

1  l  25  29 

304.19 

1  1    22    1 5 

59.02 

8 

in  51  ■:■: 

80  il 

in   57.   38 

105.59 

25 

1 1   36     7 

316.96 

11     12    10 

25.57 

11       n    10 

Si  Ml 

in   57       1 

1n7..  7H 

1 1    19   L0 

317.12 

II    li    18 

26  !•'■• 

li  38  I'- 

81 :o 

11     It    7.i  i 

107  "1 

20 

1111     2 

81.43 

11    15   13 

L04.26 

ll     IS    I) 

82  ii 

11     17.    13 

L07.24 

II I 
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N"   17  1 


lSll'.l 

June    8 


l 'J 


1  hour 

Rhea. 

Cont. 

bin, if 

Rhea. 

•  lont. 

Eastern  M.T. 

P 

i  a  stern  M.T. 

8 

1899 

Eastern  .M.T. 

i> 

Eastern  Ml. 

a 

L2  L6m33' 

8B.52 

12  I'.'":;i 

L07.59 

June  19 

12  .",s"lu 

i:,o  II 

12"  ::i"'2s 

54.89 

!•_'  23  56 

83.66 

L2  20  52 

L07.76 

!:;  L3  l  l 

155.20 

13  15  48 

52.66 

in  :,<;  22 

L39.65 

11     (i  L3 

59.13 

l:;  l'ii  36 

L55.53 

13  18     1 

53.20 

1 1     8    6 

l  11..;:. 

1 1     3     3 

58.05 

I'.". 

L3   17  59 

227.89 

l:;  24   l.". 

37.78 

11    16     2 

I  1 1.70 

11    18  34 

56.21 

13  30  19 

228.91 

1:;  26  33 

38.00 

11   56     3 

1  15.78 

1  1   52   L5 

55.99 

26 

L3  36  31 

L8.32 

13  40  30 

49.14 

12  28  26 

1  19.28 

L2  33   56 

53.93 

L3   16  58 

I'd.  11 

13   13  21 

19.56 

OBSERVATIONS   OF   TIIF   SECOND    AND   THIRD    CONTACTS 
ECLIPSE   OF    L898  JANUARY  22,    IN    INDIA. 

liv  \V.  W.  CAMPBELL. 


AT   TIIF   SOLAR 


[t  is  well  known  that  the  elements  of  solar  eclipses,  as 
published  in  the  standard  astronomical  annuals,  differverj 
considerably.  To  illustrate,  for  the  station*  near  Jeur, 
India,  occupied  by  the  Lick  Observatory  expedition  at  the 
eclipse  of  1898  Jan.  22,  the  computed  durations  or  totality 
were  as  follows  : 

American  Epkemeris  and  Nautical  Almanac,     1      59 
(British}  Nautical  Almanac,  2       5 

Connaissance  des  Temps,  2       •> 

Berliner  Jahrbuch,  2     10 

The  programs  for  photographing  the  spectrum  of  the 
sun's  edge  have  been  (thus  far)  arranged  with  reference  to 
the  instants  of  second  and  third  contacts.  There  seems 
to  be  little  difficulty  in  predicting  the  time  of  second  con- 
tact, a  few  seconds  in  advance,  from  the  magnitude  of  the 
uneclipsed  crescent  of  the  sun ;  but  the  method  of  pre- 
dicting the  time  of  third  contact,  by  applying  the  com- 
puted duration  to  the  observed  time  of  second  contact,  is 
subject  to  some  uncertainty.  Thus,  the  astronomer  in 
charge  of  the  large  expedition  located  at  Viziadrug,  India, 
has  stated  that  his  third-contact  spectrographs  program 
was  seriously  affected  by  the  fact  that  totality  was  five  or 
six  seconds  shorter  than  that  predicted  by  the  British 
Nautical  Almanac.  My  own  observations  fully  agree  with 
his  as  to  the  length  of  totality;  but  no  inconvenience 
arose  in  the  case  of  our  program,  since  it  was  based  on 
the  6-second  shorter  prediction  of  the  American  Ephemeris. 
On  the  other  hand,  the  parties  located  at  Sahdol  and  1'ul- 
zaon,  India,  observed  the  duration  to  be  only  about  one 
second  shorter  than  that  assigned  by  the  British  Nautical 
Almanac.  It  should  be  noted  that  the  parties  near  Jeur 
and  Viziadrug  were  two  and  four  miles,  respectively,  north- 
west of  the  central  line  indicated  by  the  British  Nautical 

*  The  position  of  the  station  was  estimated  from  the  "Survey  of 
Iudi  ■  "  maps,  scale  1  inch  to  the  mile,  as  follows  :  L  =  E  75°  9'.5; 
P  =  +1S°12'.1;  Elevation  =  1700  feet.  One  of  the  observing  stations 
of  the  Survey  was  only  four  miles  from  our  eclipse  camp.  The  cen- 
tral line  of  totality  indicated  by  the  American,  English,  French  and 
( l-erman  Almanacs,  was  southeast  of  the  camp,  at  estimated  distances 
of  1|,  2,  2 J  and  3J  miles,  respectively. 


Almanac,  and  thai  the  parties  at  Sahdol  and  l'ul/anii  were 
Eour  miles  southeast  of  this  line.  The  apparently  di 
ant  observations  could  be  harmonized  by  assuming  thai 
the  actual  central  line  lay  further  to  the  southeast,  near  or 
beyond  the  position  assigned  to  it  by  the  Jahrbuch  :  but 
the  evidence  at  hand  is  too  meager  to  warrant  a  positive 
i  Ltement  that  such  was  the  case. 

I  give  herewith  the  results  of  our  observations,  in 
that  observers  of  future  eclipses  may  take  them  into  ac- 
count when  forming  their  programs. 

The  instants  of  second  and  third  contacts  were  perfectly 
definite.  The  estimates  of  two  observers  inside  the  40-foot 
camera  watching  the  4£-inch  image  of  the  sun  on  the 
holder,  and  of  several  observers  outside  unassisted  by  tele- 
scopes, all  fell  within  a  half  second,  at  the  beginning,  and 
at  the  ending,  of  totality.  The  mean  of  the  observed 
chronometer  times  of  the  contacts  were, 


II, 
III, 


20 

22 


38.5 
38.3 


Time  was  determined  by  means  of  sextant  double  alti- 
tudes of  the  sun,  and  a  chronometer.  The  observed  chro- 
nometer corrections,  obtained  the  week  of  the  eclipse,  are 
given  below.  Each  result  depends  upon  two  observed 
double  altitudes,  one  of  the  upper  and  one  of  the  lower 
limb.  The  sun  was  observed  both  east  and  west  of  the 
meridian,  at  about  equal  altitudes.  It  should  be  said  that 
the  chronometer  was  subjected  to  an  average  daily  tern]  er- 
ature  variation,  in  the  shade,  of  over  40°  Fahr. 


Local  M.T. 

1893            d         li 

Jan.  16  20.3 
20.3 

-21 

J7' 

'l-U 
14.5 

Local  M.T. 

1898             d         l> 

Jan.  20  20.4 
20.4 

—21 

J  7' 

21.7 

17     4.0 
4.1 

16.1 

17.2 

21     4.1 
4.2 

20.3 
20.8 

19  20.4 
20.4 

22.0 
20.9 

21    20.2 
20.3 

22.5 
22.7 

20      1.3 
4.3 

-21 

20.1 
20.2 

22     4.4 
4.4 

-21 

24.3 
25.0 
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'The  correction  at  the  time  of  the  eclipse,  Jan.  22'1  lh.O 
was  assumed  to  be  — 21m23'.7;  whence  the  local  mean 
times  of  contacts  were, 


II,      1898  Jan.  22 

0 

59 

1  IS 

III, 

1 

1 

1  1.6 

( >bser\  ed  dural  ion, 

1 

59.8 

The  local  mean  times  of  contacts,  as  computed  from  the 
American  Ephemeris,  were, 

II,     1898  Jan.  22    0     59™   L5*3 
III,  1       1      1  l.i' 

Computed  duration,  1      58.9 

The  assumed   chronometer  correction  is  liable  to  some 

Lick  Observatory,  Mt.  Hamilton,   Cat,   ls'.i'J  /><-.-.  .V 


uncertainty,  — es]  i  T  of  the  vioh 

ut  this  uncertaii 
observed  duration. 

At    the  eclipse  of  1900  Ma;   28,  there  will  no  do. 
many  tral    line  who  will    nol 

.  especially  of  contacts  II  and   III 
these  ol  will  have  little  or  no  value  in  fixing  the 

n  of  the  axis  ol  the  eclipse.     If  there  are  several 
ho  propose  to  confine  their  programs  largely  to 
observation:  rould  it  not  range 

of  the  centra]  line,  a   few  miles  within  the  boundai 
the  shai 


OBSERVATIONS  OF   COMETS, 

MADE     LT  THS  CHAUBEBLIK    OBSERVATORY,    ISIVUMll     PABK,    COLO., 

l'.\    BERBERT   A.   HuwK. 


The  following  observations  of  comets  were  made  with 
the  twenty-inch  telescope,  equipped  with  a  magnifying 
power  of  200  on  the  Bruce  filar-micrometer.     The 


of  the  stars  to  apparen 
M  \i;i  i.   L.  1»\mi  ls.     The  logarithms  of  the  parallax  fac- 
e  I  by  Miss  Elise  C.  Joni  s. 


1899  Univer.  Park  M.T. 


** 


No. 
( !omp. 


'-* 


la 


/8 


s  apparent 


logpA 

for  a 


June  26 


9   10  28 

;i  56  57 


29 


July 


June  21  9  18  33 
9  30  53 
9  49  21 

26  12     6  20 
12  29  22 

27  11   20  59 
11  38  39 

9  56  34 
10  11  0 
9  26  55 
9  40  3 
9  16  35 
•.i  18  10 
9  27  I" 
9  38  12 
9  50  28 

•.I  io  to 

9  23  27 

8  II    M 

9  3  3 
9  13  35 
9  29    l" 

8  50  26 

9  3  io 
9  53  25 
9  53  25 
8  12  18 
8  12   18 


\,r 


25 


31 


8 


in 


1 

20  .  6 

2 

20  .  8 

3 

20  .  6 

4 

20  .  6 

5 

20  ,6 

6 

20  ,  6 

7 

28  .  6 

8 

20  ,  6 

9 

19  .  6 

10 

19  .  6 

11 

20  .  6 

12 

20  .  6 

13 

20  .  6 

1  1 

1"  .  3 

15 

20  .  6 

L6 

20  .  6 

17 

20  .  6 

IS 

20  .  6 

19 

20  .  6 

20 

11  ,5 

21 

20  .  6 

22 

20  .  6 

23 

20  .  6 

21 

20  .  6 

25 

19  .  6 

26 

20  .  6 

27 

10  ,6 

28 

10  .  6 

29 

12  .  6 

30 

12  .  6 

C i   L898  VIII. 

+  4"'   Ijiii    1  +    1    19.3 
-0  49.45    I  +10  55.4 

Comet  a   1899  [. 

-1  50.04 

-1  56.10 

11  58.15 

-2  26.84 

+  ii  2.83 

+  l  36.12 

+  0  5.85 

1-2  40.06 

4  I  51.98 

+  I  56.56 

+3  11.80 

_3  9.06 

+2  32.48 

n  58.10 

2  12.95 

2  51.28 

+  2  55.30 

+3  2.36 

6  24.77 

6  2  1  si 

+  :;  17.96 

1  10.75 

2  34.12 
6  16.79 
2  12.7.-. 

t  :;  55.53 

+3  32.94 

5   1  l  '.'l 


3   15.3 

1  1    11 

-13     6.8 

1  1    11 

f    1  54.1 

1  1    11 

f    1  32.7 

1  1  29 

+  9  17.:; 

1  1  29 

-10   17.2 

1  I    27 

-17    19.5 

11   27 

1    19.3 

14  24 

5  19.5 

1121 

.   6  38.0 

1  1    17 

;,  38  8 

1  1    17 

9     6  2 

1  1    17 

r-   2  35.0 

11    16 

t    s  59.2 

11    16 

8  22  5 

II    16 

8  57  1 

11    16 

5     9.7 

1  1    11 

-12    17.1 

11   II 

8  30.6 

1112 

s    is  7 

14  12 

t-    1   25.6 

11   12 

•    8  55.  1 

11   12 

1    9   16.1 

Mil 

5   18.0 

MM 

l  57.2 

M   15 

l   51.9 

11    15 

5  33.7 

II    16 

9   L5.6 

11    15 

11   29  34.49 
11  29  34.46 


9.39 

7   M 

5.83 

9.23 

7.42 

26.09 

24.76 

23.26 

22. 1 1 

12.64 

12  2:: 

12.17 

55.05 

54  29 

54.01 

50.17 

50.70 

2  86 

■_■  79 

13.78 

13.94 

38  90 

39.19 

0  ."..'■ 

0.23 

12.51 

12.64 


+  20 
+  26 


+  2S 

+  2.'i 

+  22 
+  21 

•  21 
r  17 
+  17 
+  17 
+  17 
+  17 
+  17 
'  17 
+  9 
+  9 

•  8 

+  7 

+  7 

+  7. 

+  7. 

+  r. 

+  7. 

+   :, 


5   12.9 
5   11.5 


25 

14.3 

24 

56.0 

9.049 

24 

27.7 

9  182 

15 

50.2 

15 

7..1 

59 

1 1 .5 

9.572 

59 

7.3 

32 

10.5 

32 

13.3 

9.442 

13 

11.8 

13 

13 

'.'7 

9.4  is 

10 

27.ii 

9.377 

10 

12.1 

9.407 

'.1 

55.5 

- 

9 

12  8 

9  168 

21 

53.1 

21 

15.0 

15 

- 

9.500 

15 

36 

9.571 

36 

18.3 

9.591 

50 

50 

35  1 

35 

.".'.'.7 

36 

I  8 

9.636 

9 

24.5 

9  577 

'.' 

.'  I  2 

9.577 

0.590 
0.612 


0.247 
0.571 

0.555 
0.486 
0.499 
0.551 

0.563 

1 1 5 ; : 

• 
0.701 

0.716 

0.718 


1  16 
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Mum   Places  for  1899.0  of  Comparison-Stars. 


* 

a 

[{.•il.  in 
app.  place 

S 

Ked.  to 
app.  place 

Authority 

1 

ll             Ml          ■ 

II   25  27.54 

+•2.29 

+  26    0  30*9 

-7.3 

( l-raham,  •  lambridge  A..G.  Catal 

5786 

2 

11  30  21.60 

+2.31 

+  2.-.  54  23.4 

-7.3 

<<            (i         K 

5804 

3 

1  1  42  56.33 

+  3.10 

+  2s  29  34.0 

-4.4 

it               ..            ..         it 

6967 

4 

11    13     0.44 

+3.10 

+  2S  38     7.2 

-1,1 

ii               ..            ..         a 

6968 

5 

14  42    0.88 

+3.10 

+  2S  19  38.1 

-4.5 

it               ii            ii         it 

6963 

6 

11  31   33.00 

+3.07 

+  2:;  n  22.9 

-5.4 

Becker,  Berlin  AG.  <  lata! 

5108 

7 

1  1  29     L.53 

+3.06 

+  2:;  35  53.2 

-5.4 

it           ii        n         ii 

5099 

8 

1  1  22   16.94 

+  3.03 

+  23  10     4.3 

-5.6 

ii           ..        it         it 

5082 

9 

1  1  21    L5.88 

1  3.03 

+  23  17     2.1 

-5.6 

it        it         it 

5076 

10 

1  1  21  40.18 

+  3.02 

+  21   34     5.6 

_  5.8 

it           it        it         it 

5079 

11 

II    L9  -7.11 

+  3.02 

+  21   37  38.7 

-5.9 

it           it        it         it 

5064 

12 

1  1    12    13.1  1 

+2.94 

+  17  50  26.2 

-0.4 

Auw ers,  Berlin  A.< ;.  < Satal. 

5175 

13 

II   13  57.48 

+  2.95 

+  17  49     7.7 

-6.4 

ii           it        it 

7, 1  8  1 

14 

Ml  20   18.25 

+2.98 

+  17  52  22.0 

-6.1 

it           it        n         it 

52 1 2 

15 

14  14  19.62 

+2.95 

+  17     7  58.6 

-  6.6 

it           it        it         ti 

5183 

16 

1117    19.66 

+  2.97 

+  17     1    L9.6 

-6.4 

a           it        it         n 

5195 

17 

11   19     4.27 

+  2.97 

+  17  18  2  1'.:; 

-6.3 

a           ..        it         it 

52(  1 1 

18 

11   19  42.31 

+  2.98 

+  17  18  46.5 

-  6.3 

a                a            it              it 

5208 

19 

11     8  52.08 

+2.79 

+  9  27  Id. 7 

-7.9 

Glasgow  I.    3529 

20 

14     8  45.55 

+  2.79 

+  99  35.9 

-8.0 

'    ■•              3528 

21 

14  18  24.82 

+  2.81 

+  8  54   16.1 

—  7.5 

"              3563 

22 

14  IS  24.79 

+  2.81 

+  8  54  22.7 

—  7.5 

3564 

23 

14     8  53.10 

+  2.72 

+  7  35  40.3 

-8.1 

Glasgow  11.  1203 

24 

14  17  21.92 

+  2.77 

+    7  28     0.7 

-7.S 

Munich  1.    10089 

25 

14  17  10.31 

+  2.71 

+   5  41      I.I 

-8.2 

Glasgow  I,    3559 

26 

14  20  53.25 

+  2.73 

+  5  56  31.3 

-7.9 

"              3571 

27 

1117  10.G0 

+  2.70 

+  5  41     5.0 

-8.1 

Munich  1.    10080 

2S 

14  11     2.04 

+  2.66 

+  5  38     5.2 

-8.5 

Schjellerup,  5076 

29 

1112     6.94 

+  2.63 

+   r.  15     6.6 

-8.4 

«            5085 

30 

1  1    2(1   .-.1.90 

+2.68 

+  5  18  47.7 

-7.9 

"            5125 

June  21.     Good  central  condensation. 
June  26.     Cornel  L898  VIII  very  difficult. 

July  25.     Comet  very  much  fainter  than  on  July  0.   Nucleus  of  13M- 
July  i~!  and  31.     Comet  extremely  faint. 

Aug.  7.     Nucleus  of  13M.5.     Observations  very  difficult  on  account 
of  "  heat  lightning." 


Nucleus  just  visible  in    terrestrial  haze  ;  no  nebulosity 


NOTES. 

Aug.  8. 
seen. 

Aug.  10.  Comet  seemed  brighter  than  on  Aug.  8.  On  both  nights 
the  comet  was  connected  by  direct  micometer  measures  with  a  faint 
star  near,  which  was  afterward  connected  with  the  catalogue  star. 


THE   PERIOD   OF  PROF.  BARNARD'S   VARIABLE   IX   AQUARIUS, 


S.DM.  4°5381,  R.A.  21 
By  J 
An  account  of  the  discovery  of  this  variable  was  given 
by  Prof.  Barnard  in  A.J.  456,  together  with  the  Harvard 
photographic  measures  since  1890.  The  maximum  of  the 
past  summer  permitted  of  a  good  determination,  and,  in 
connection  with  the  Harvard  measures,  gives  a  good  value 
for  the  period.  After  my  observations  ending  1899  .Ian.  14, 
which  are  given  in  Prof.  Barnard's  note  in  A.J.  456,  I 
looked  for  the  star  in  March,  April  and  May,  finding  it  in- 
visible; limit  about  12\  It  was  found  at  11M. 5  June  10, 
and  then  rose  steadily  to  a  maximum,  9M.5,  Aug.  16,  and 
fell  to   12M.5    at    my  last   observation,    Oct.  21.      I  have 


.4  (1S55), 


•"•"'  22".7     ,     Decl.  - 

A.   PARKHURST. 

eighteen  observations  between  the  above  dates.  When  the 
light  curve  thus  found  is  applied  to  the  observed  magni- 
tudes of  the  previous  maximum,  the  mean  interval  comes 
out  209  days,  giving  a  first  approximation  to  the  ]  eriod. 
To  correct  this  I  first  used  the  maximum  which  is  best 
determined  by  the  Harvard  measures,  that  covered  by  the 
six  plates  from  1893  Aug.  1  to  Oct.  31.  Taking  the  high- 
est observed  point,  1S93  Oct.  7,  as  the  time  of  maximum 
(epoch  10  referred  to  my  maximum  of  1899  Aug.  16),  the 
resulting  period  is  213.9  days.  On  comparing  the  list  of 
Harvard   measures  with  this  period,   the  agreement  was 
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found  surprisingly  good,  the  average  residual  from  the 
normal  curve  being  0".09,  the  largest  with  exceptions  noted 
being  0".27. 

The  normal  curve   from  the   Harvard  measures  •■■ 
follows  : 


Time 

Magi 

itudes 

Time 

Magnitudes 

r.  Max. 

Before 

After 

t'r.  M;t\. 

Before          After 

0" 

L0.28 

50 

11.12         11.30 

10 

10.37 

10.47 

60 

11.40         11.60 

20 

L0.50 

10.60 

70 

11.72         11.83 

30 

10.68 

10.80 

80 

L2.03 

40 

10.S8 

11.02 

Three  of  the  Harvard  measures  are  aot  in  good  agree- 
ment with  the  curve;  two  of  them,  dated  1893  July  20 
and  1898  Oct.  25,  with  residuals  +0*57  and  +  1».00  re- 
spectively, being  marked  ?,  and  one,  1891  Nov.  2,  residual 
+  0M.70,  remaining  without  explanation.  With  regard  to 
the  latter  it  may  be  stated  that  the  preceding  and  follow- 
ing measured  magnitudes  have  residuals  — 0*.08  and 
—  0M.18,  so  that  a  change  in  the  assumed  period  would  nui 
improve  the  agreement. 

From  the  data  at  hand  I  therefore  deduce  the  following 
elements  of  maximum  : 

Marengo,   IV..   1899  Vov.  28. 


L899  Aug.  L6  (241   1883)   r-21  I  E.     Mag   9  £ 
phot. 

I  cannot  find  that  the  obsei  vat  Li 

A  J.  156.     There  axima  fairly  well  determined 

by  the   Harvard   measures :    I  - 

I  ob    i  and  L897  I  bree  and  the 

ally  observed  maximum  ol  1899  Jan.  are  fairly  well  repre- 
by  the  elements     1899  Feb.  13  (241  1699    +150  E, 
but    these    elements   are   contradicted    by    the    foil 
measuri 


Epoch 


ted 
Max. 
21         1890  June  30 


-18 


1891  - 

12         1894  Mar.  11 
11         1894  Aug.    9 

1         1898  Sept.  16 


Date 

27  <11.8 

2  <10.8 

2  <10.8 


- 


10.54 


5 

<11.6 

6 

<12.1 

'.i 

<11.6 

3 

<10.8 

9 

<10.9 

I  1UPLICITY 

a  =  1 

Uy   (..    W 

On  Oct.  21,  ls'.io,  the  emersion  of  r  Tauri  was  observed 
at  position-angle  334  . 

It  reappeared  as  a  '.»"  star,  and  after  an  interval  of  rat  her 
more  than  one  second,  it  (lashed  out  in  full  brightness. 

From  this  observation  I  infer  that  the  star  is  a  close 
double. 

I  examined  the  star  on  one  good  night  with  the  ISA-inch 
refractor,  but  failed  to  see  the  companion. 

Dearborn  Observatory,  Northwestern  University. 


OF  7   TAURI, 

8  =  +22    16', 
.   HOI  '.II. 

t  (wing  to  the  closeness  and  inequality  of  the  com; 
it  may  nov.  be  beyond  the  reach  of  any  tel(  - 

From  the  motion  ol   the  mooi    I   ierivi    I    e  following: 
p  =  n.p.,    s  =  0".15  to  0".4,  niag.    II     9).     tft    •  position- 
angle  of  the  companion  is.  as  I  imagine,  neai  I  I 
normal  phenomena  would  be  noticed  during  an  occupation 

Eor  an  emersion,  occurring  between  300"  am 
position-angle. 


OBSERVATIONS   OF   TEM  PEL'S   SECOND   COMET       cl899, 

Bl     R.    <■.    AITK1  V 
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29   L6  29  l 

11 
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2 
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18 
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3 

1 2  .    8 
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- 

25 
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4 
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27 
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6 
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-0  59  s 

21    26  39.97 

34    17  57.6 

0.924, 

Sept.     1 

9   i:;  34 

7 
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1-18.44 

-3  27.1 

21   33  L9.42 

35  36  29.4 

9.211 

0.919 

4 

9  23  is 

'J 

lo.       '.1 

+  in  SI 

6     9.4 

21    37   2  1.1  1 

1 

'.i  51   38 

in 

8.    8 

+  3.78 

-2     1.6 

7 

in  50  29 

11 

in.  in 

-  4.69 

3  31.4 

21    11 

-36     8    !"."• 

- 

0.927 

8 

m  n;  in 

12 

in.    8 

L2.49 

-5  ln.7 

21    13     0.69 

36   1 1     6.5 

• 

26 

10  20     9 

14 

10,  10 

+  9.32 

+  2  51.7 

22     9   1"  26 

-35  10  28.0 

8.929 

1  IS 
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M<<in   Places 

for  1899.0  of  Comparison-Stars. 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

i 
21 

5 

L3.69 

+4.98 

-  29 

!  7     U .2 

+  10.7 

Gould's  Zones  XXI:   117 

•' 

21 

6 

L'.ll 

+  1.99 

29 

45   L0.1 

+  19.7 

Tucker,  L.(  >.  Mei  idia    i         .  Sept,  l  899 

3 

21 

1  1 

52.77 

l  5  l  1 

32 

27     1 .8 

+20.1 

i  tould's  Zones  XXI  :  426 

1 

21 

L'l 

:;s.7L' 

1  5.19 

-34 

L'l  57.6 

+  20.1 

M  Lcrometer  comparison  with    5 

:. 

21 

25 

15.72 

+5.19 

:;i 

20     2.4 

1  20.1 

Gould's  Zones  XXI:  742 

<; 

L'l 

26 

29.28 

+5.21 

-34 

17    17.S 

+  20.0 

'    2  Cord.  G.C.  20  102  +  1  G.Z.  XXI:  780 

7 

21 

32 

:,:..7:: 

+5.25 

-35 

33  22.:; 

+  20.2 

M  Lcrometer  conned  ion  «  it  h  (8) 

8 

L'l 

33 

13.11 

+5.25 

35 

27  35.7 

+  20.2 

Gould's  Zones  XXI:  980 

'.» 

L'l 

36 

38.05 

4  5.25 

-36 

2  29.3 

+  L'l  1.0 

[  (3  Cord.  G.C.  29698  f-1  G.Z.  XXI:   1089) 

10 

L'l 

::: 

16.00 

-35 

.-,1     0.0 

Cordoba  D.M.  -   36  1  1953.     9.5  mag. 

1  I 

L'l 

11 

38.05 

f  5  L'L' 

36 

5  29.1 

+  20.0 

>  (2  Cord.  G.C.  29791  4  1  G.Z.  X  X  1  :   1247) 

li' 

21 

13 

7.H7 

+5.21 

-36 

6  L5.8 

+  20.0 

Gould's  Zones  XXI  :   1307 

13 

L'L' 

7 

58.57 

+5.06 

-35 

15  .'ILL- 

+  20.1 

"            «        XXII  :    196 

14 

v22 

S 

;V).NS 

+  5.06 

-35 

IS  39.8 

+  20.1 

Micrometer  comparison  with  (13) 

The  observations  of  August  11,  18,  27  and  September  8,  were  made 

with  the  86-inch,  tl therewith  the  12-inch  equatorial.     In  every 

case  the  measures  of  Aa.  were  made  directly  with  the  mien ter. 

in   \nuu-t  ami  earl 3  in  September  the  comet  nucleus  was  very  sharp, 
Licit  Observatory,   University  of  California,  1899  Dec.  5. 


and  the  comet  bright  —  easily  visible  in  a  S+inch  telescope.  On 
Sepl  26.  it  was  faint  enough  to  be  difficult  with  the  12-inch  refractor. 
.Several  of  the  catalogue  stars  used  are  not  vry  well  determined, 
the  catalogue  position  depending  on  a  ~iimle  observation. 


OBSERVATIONS  OF  LEONIDS  AT 

By  JAMES 

As  stormy  or  cloudy  weather  prevailed  on  Mt.  Hamilton, 

during  the  entire  period  of  apparition  of  the  Leonids,  the 

plan  which  had  been  made  for  photographic  and  otherobser- 

\  at  ions  could  not  be  carried  out.  On  Nov.  13,  at  16h,  the 
clouds  suddenly  cleared  away,  and  a  watch  was  kept  until 
dawn.  Ten  Leonids  were  counted  in  one  hour.  On  Nov.  15, 
between  12h  and  dawn,  the  sky  was    occasionally  visible 


THE   LICK   OBSERVATORY   IX   1899, 

E.   KEELER. 
through  rifts  in  the  fog  which  surrounded  the  mountain.    A 
few   meteors,  apparently  Leonids,  were  seen,    but    it   was 
evident  that  no  considerable  shower  was  in  progrt  ss. 

From  these  few  observations,  and  from  reports  which 
have  been  received  from  more  favored  places  on  the  western 
coast,  it  would  seem  that  the  Leonids  were  not  more  numer- 
ous in  1899  than  in  ordinary  years. 


OBSERVATIONS   OF   LEOXIDS, 

By  M.  W.   WHITNEY. 


The  Leonids  were  observed  at  Vassar  College  Observa- 
tory on  November  13th,  15th  and  16th,  from  midnight  to 
dawn,  by  various  students  in  the  department  of  Astronomy. 
Tuesday  night  was  cloudy  throughout,  and  on  Wednesday 
the  sky  was  observed  at  intervals  for  two  hours  and  a  half. 
Even  when  clear,  the  air  was  heavy  with  moisture.     On 


.Monday  twenty-five  Leonids  were  recorded,  and  of  these 
twenty  were  seen  after  the  moon  set.  On  Wednesday 
twenty-seven  were  seen,  the  percentage  exceeding  that  of 
Monday.  On  Thursday  thirty-seven  were  recorded.  A 
good  many  meteors,  not  Leonids,  were  noted,  and  several 
of  these  were  plainly  Geminids. 


C  O  X  T  E  X  T  S  . 
Tin    \  abiation  of  Latitude  at  New  Youk,  and  a  Determination  of  the  Constant  of  Aberration  from  Observations 
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Tim    1'ekiod  of  Prof.  Barnard's  Variable  in  Aquarius,  by  J.  A.  Parkhurst. 
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By  ARTHUB    I:,  junks. 


j  1 .      In  tk riON. 

It  will  be  best  to  state  ;tt  the  oul  sel  my  object  in  writing 
this  note.  I  have  been  occupied  recently  in  prepai 
undertake  the  work  with  the  new  photographic  equatorial 
of  the  Cambridge  Observatory,  which  the  Director  proposes 
to  devote  to  determination  of  stellar  parallax,  measures  of 
star  clusters,  etc.  A  study  of  the  many  methods,  differing 
widely  in  principle  as  well  as  in  detail,  which  have  been 
used  by  various  workers,  seems  to  me  to  .--how  thai 
thing  points  to  the  advisability  of  adopting  a  method  based 
upon  that,  devised  for  the  work  of  the  A.strographic  Cata- 
logue by  Professor  TURNER.  He  lias  given  an  example  of 
such  an  application  of  his  methods  in  his  discussion  of 
some  measures  of  the  Pleiades  group  made  at  Oxford 
|  Monthly  Notices,  R.A.S.,  L894,  Vol.  i.l  V.  p.  189).  If.  how- 
ever, full  advantage  is  to  be  taken  of  the  admirable  sim- 
plicity of  this  method,  il  follows  that  the  final  results  are 
presented  in  a  form  differing  greatly  from  the  form  in 
which  such  work  has  hitherto  been  published,  ami  a  doubt 
arises  whether  this  might  lie  some  impediment  to  future 
comparison  with  I 

of   tin  -    pa  pi  on  an  example  of 

the  application  of  such  methods  I 
photographic  plates  already  reduced   and   published 
old  lines. 

§2.     General  Explanation  of  the  Principles  of  mi: 

l ;  I  o  : 
Til   his  various    papers   in   the  Monthly    \  I' 

Ti  rner  has  developed  the  idea  that  in  the  treatmi 
photo  far  as  possible  the 

use  of  the  o  a)  coordinates,   t  in   and 

declination,  and  cany  out  almost  the  whole  of  our  work  in 
the  rectangular  coordinates  in  which  measures  on  the  plate 

are  most  naturally  and  conveniently  made.      I  i"    resulting 


simplification    in    the    reducti 

that  a. 

nates,  with  insignificant  exci 

lineal 

The  total  corrections  to 

whose  coordinates  upon  the  pli 

,  /./■   =   ax  +  by  +  e 
I,/  =  d.r  +  ey  +  f 

And   when   these    six   i 
mined,  the  measures  upon   tl 

•  i  to  the  values  they  would  have  upon  an  idea 
of  the  desired  centering,  orientation  and  scali 
free  from    the   disturbing  eft.  ICtion,  abet: 

on,  and  nu- 
ll' we  have  to  determine  these  constants  we  requin 

which 

I    J. late.      T: 

standard  epoch,  are  immediately  converted  by  simple 

muias    into 
which    they    would   have   upon    the    ideal    plat. 
above.     If   these  "standard"  coordinates   of  any  1. 
we  have 

£  =  i  +  ax  +  hi/  -+-  e 

v  =   ,,  +  ,/.-•  +  ey  +  / 

known   star  gives   us  a  similar  pair  oi 
and  by  solution  of  the  two  sets  of  equations  we   obtain  the 

values  of  the  . 

-i  work  is  oal 
We  may  apply  to  each   measure   thi  \.  and 

all  our  measured  to  standard  coordinates.      W 

further  apply  to  each  the  transformation  to  i 

ordinates,  and  obtain  the  rig 

of  even   star  on  our  plates  at  the  Standard  epoch. 
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We  may,  on  the  other  band,  publish  our  measun 
each  plate  as  they  come  from  the  measuring  machine,  un- 
cted  for  anything  save  the  errors  of  the  machine  and 
the  reseau;  and  with  them  the  values  of  the  six  constants 
which  will  reduce  them  to  standard  coordinates,  ami  thence 
if  we  so  desire,  to  meridian  c rdinates. 

Bj  .1  comparatively  recenl  decision  of  the  permanenl 
committee  the  latter  far  simpler  course  has  been  adopted 
I'm- iIh'  work  of  the  astrographic  chart.  The  publication 
i'l  thr  raw  measures,  with  the  necessary  constants  "I  re- 
duction, is  accepted  as  sufficient  even  in  catalogue-work, 
from  which  a  certain  number  of  meridian  places  will  event- 
ually he  required. 

The  measurement  of  isolated  objects  such  as  star  clus- 
ters and  stars^suspected  of  parallax,  is  a  branch  of  celestial 
photograph}  distinct  from  cataloguing,  ami  unfettered  by 
tin-  ultimate  requirement  of  meridian  places;  ami  here  the 
principles  summarized  above  may  receive  an  extension  as 
simple  as  it  is  \aluable. 

Suppose  that  we  are  considering  two  plates  of  a  star 
:  taken  at  any  epochs,  and  under  conditions  subject 
only  to  the  limitations  that  the  zenit  b-distances  at  the  time 
of  exposure  were  not  excessive,  and  that  the  centering  of 
the  cluster  on  the  plates  was  approximately  the  same. 
Since  the  expression  for  the  reduction  of  each  plate  to 
••standard"  coordinates  is  a  linear  function  of  the  meas- 
ured coordinates,  the  expression  for  the  direct  reduction  of 
one  plate  to  the  other  is  also  a  linear  function  of  these  co- 
ordinates. If  aij  y1  ,  .'■._,//„  be  the  measures  of  the  same 
star  on  the  two  plates,  we  may  write 

x2  =   :i\  +  ax1  ■+■  byt  +  c 
Vi  =  Vi  +  dsc1  +  c,/x  +  f 

Every  star  which  occurs  on  both  plates  affords  a  similar 
pair  of  equations;  and  by  the  solution  of  the  two  sets  of 
simultaneous  equations  we  obtain  a  strong  determination 
of  the  constants  by  means  of  which  the  two  plates  may  be 
directly  compared  for  the  detection  of  proper  motion  or 
parallax. 

The  best  test  of  the  accuracy  of  this  simple  procedure 
is  to  apply  it  to  a  series  of  measures  already  reduced  by 
other  methods.  I  am  fortunate  in  finding  in  Dr.  Frank 
Si  mi  sing]  i:'s  measurement  and  reduction  of the  Rutjierfurd 
photographs  of  the  Praesepe  group  (contributions  from  tltc 
Observatory  of  Columbia  University,  No.  15)  a  series  most 
suitable  for  the  purpose. 

Dr.  Schlesinger  has  followed  closely  the  method  of 
reduction  developed  by  Professor  Harold  Jacobt.  The 
measures  are  first  freed  from  the  effects  of  refraction  by 
means  of  formulas  expressed  in  rectangular  coordinates. 
A  comparison  between  the  calculated  and  measured  posi- 
tions of  five  known  stars  upon  the  plate  furnishes  the  con- 
stants   of  the   linear   expressions   for   the    sums    of    the 


remaining  corrections.     The  results  for  each  star  an 

proper  mot  ion  are 
then   applied;  means  are  taken;   ami  the   transfori 
corrections  applied  to  form  a  final  i  right-ascen- 

9  at  bions. 

§3.      Niu     Reduction    of     mm     Hi  nierfubd    Praesepe 

l'l.A  I  I  8. 

1    pro] to  compare  directlj    plates   I.  IJ.  Ill,  V.  VII, 

VI 1 1.  IX.  with  plate  |  v.     (For  del  plates  v. op. 

cit.  pp.  190  et  seq.)     The  was   made, 

and    the  work   well    under    w  ay.  before  it   was    noticed    that 
I  he  error  of  orientation  of  this  plate  is  considei  a 
than    that  id'   the   others.      Two  of   the   constants   of    reduc- 
tion will  therefore  be  unusually  large,  which  will  put  the 
method  to  a  somew  hat  severe  test. 

There  are    thirty-two  star8   common    to  the   ei 
The  ••center  of  gravity  "  of  these  is  near  the  point 
—  3.0);     and    for    convenience    the   origin    of 
was  shifted  to  this  point.     The  measured  coordinati 
ject  to  this  change  of  origin,  were  from  pr.  S<  m.i  -i\i,i  i.-'s 
memoir,  which  gives  the  mean  measures  corrected  only  for 
the  errors  of  the  machine.      A  series  of  equations  is  formed 
of  the  type 

ax,  +  6y,  +  c  +  x,  -  xs   =   0 

dxl+eyl+f+y1-ys  =  0 

It  is  here  convenient  to  note  that  al  of  trouble 

is  saved  if.  instead  of  finding  the  constants   to  reduce  each 
plate  to  plate  IV,  we  perform  the  inverse  operation,  and 
reduce  plate  IV  to  each  of  the  others.     The  seven   - 
of  equations  differ  then  only  in  their  numerical  ti 

In  this  way  seven  series  of  equations  were  formed,  each 
containing  two  sets  of  thirty-two  equations.  Prof.  Turnre 
lias  given  (M.  N.  1895,  "Vol.  LV,  p.  115)  a  very-  simple  ap- 
proximate method  of  solving  such  a  set,  due  to  Mr.  Dyson, 
as  follows : 

If  we  take  the  mean  of  all  the  equations  in  which  the 
coefficient  of  a  is  negative,  and  the  mean  of  all  in  which  it 


*  These  quantities  are  in  columns  headed  "right-ascension"  anil 
"declination,"'  which  they  are  not.  They  are  referred  to  in  the  text 
(p.  248)  as  "projected  right-ascension  and  declination,"  which  is 
equally  misleading,  since  they  are  really  hybrid  quantities.  The  so- 
called  "  right-ascensions"  are  the  .r-coordinates  multiplied  by  a  con- 
stant which  is  the  value  of  1  mm.  in  seconds  of  arc  at  center  of  plate 
secant  (declination  of  center  of  plate)  and  added  to  the  right-ascen- 
sion of  the  central  star.  They  are  therefore  quantities  of  the  form 
,')+<<<  tan  o  sec  8.  Similarly  the  so-called  "declinations "are  quanti- 
ties of  the  form     fr-f-ni  tan  o. 

It  is  necessary  to  protest  once  more  against  this  misuse  of  the 
terms  "  right-ascension  "  and  "  declination  "  which  continues  to  dis- 
figure the  photographic  work  of  the  Columbia  College  Observatory, 
although  the  error  was  repeatedly  pointed  out  by  Mr.  Dtsox  and 
Professor  Tusxer  during  the  controversy  which  arose  concerning 
Professor  Jacoby's  refraction-formulas. 
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is  positive,  we  obtain  two  equations  in  whirl 
cients  of  b  are  small,  and  the  coeffii 

opposite  sign.  The  coefficients  of  c  are  identical.  Sub- 
tracting one  from  the  other,  we  have  an  equation  in  a  and 
b,  with  a  large  coefficient  for  a  and  a  small  one  for  b. 

Similarly,  by  dividing  the  equations  with   n 
signs  of  the  coefficients  of  b,  we  obtain  an  equation  in  a 
and  b  having  a  small  coefficient  for  a  and  a  large  one 

The  solution  of  the  pair  of  equations  give 


determination  of  a  and  b.     And  the  valui 

in  the   four  mean  equations,  which 
check  on  the  accuracy  of  the  arithr  i 

In  order   to  test   the    value  of  this  met 
tained  jet  of   thirty-two  equal 

approximate  solution,  and  also  the  rigid  least-square  solu- 
t  ion. 

I  ting  values  of  the  constants  are  given  ii 

follcw  iug  tables. 


Table  I.     Values  of  the  Constants  from  the   Least-Square  Solutions. 


b 

P.E.  of  one 

/ 

P.E  1 

1 -equation 

IV  to  I 

+.000261 

+  .OOOI  IS 

+  .00010 

t  .001  II 

17.-, 

+.1 17s 

-.00064 

'118 

±.0oimi  I  1:, 

I L26 

±.oooi'.- 1 

±. 1  L8 

±.000010:; 

0208 

IV  to  II 

+  .0001  19 

+.000609 

-.00124 

.001' l  | 

-.000413 

+.000066 

+.( 7o 

.001  12 

±.0000215 

±.0000187 

±.000378 

1  .00001  13 

±.0000111 

±.l 251 

IV  to  III 

+  .000188 

+  .00111:; 

-.Oon.,; 

.00182 

-.000841 

+  .00' 

296 

.00111 

±.0000183 

±.0000  l.V.l 

±.000322 

±.00001  11 

±.000OO'.!  7 

±.000197 

IV  to  V 

+  .OOOH77 

+  .001386 

-.00271 

.00  is.", 

-.001096 

+.000022 

-.00438 

.00118 

±.l 186 

±.000Q162 

±. 1327 

:   0000118 

±.0000103 

±. 208 

IV  to  VII 

-.000058 

+  .OOI:.  17 

—  .00555 

.00195 

-.001344 

0000.-,:; 

-.00351 

.00130 

±.0000196 

±.0000171 

±.000:;  1;, 

1 130 

(00113 

±.00011:1 

IV  to  VIII 

-.000107 

+  .001231 

-.00521 

.00200 

-.001  I  16 

_. noons; 

.00112 

±.ooooi'iii 

1  .0000175 

±.000354 

±.000011:; 

r 98 

: L99 

IV  to  IX 

-.000021 

+.001813 

-.00478 

±.00281 

-.001609 

69 

.00354 

0169 

±  .0000282 

±.0000245 

±  .000496 

±.0000170 

±.00001  17 

±  .000298 

Tabli 

II.     Vali  es 

of   che  Constants   from  the  A.fproximati    Solution. 

P.E.  of  one 

>\ 

/ 

P.E.  of  one 

1  quation 

IVlnl 

+. 00010s 

+  .000437 

+  .00010 

±.00152 

-.000175 

+  .000I  70 

_.ooo,;  1 

±.00118 

IV  to  II 

+  .OOOU7 

+  .( 593 

-.00124 

.00216 

.000412 

•   55 

+  . 7o 

.0014:: 

IV  to  III 

+.000180 

+  .00III  1 

-.00063 

.00181 

838 

-.0010:, 

.00111 

IV  to  V 

H  .000084 

+  .001361 

-.00170 

.001  no 

-.0111  OSS 

+  . 13 

-.00438 

.00120 

[V  to  VII 

.000056 

+  .001  190 

-.00555 

.00203 

001341 

071 

-.00349 

.00132 

IV  to  VIII 

170 

+.001204 

-.00521 

.00101; 

0011  1:; 

92 

-.00395 

.001 

IV  to  IX 

+.000028 

+.001770 

-.00177 

t  .001:10 

_  .001588 

.0 so 

-.00353 

■17! 

The  quantities  in  Table  1 1  headed  ■•  P.E.  of  on 1  nation" 

have  been  formed  in  the  same  way  as  the  corresponding 
quantities  in  Table  I,  from  the  equation 


e  =  0.071:. 


! 

>|32      3 


The  process  we  have  Eollowed,  of  finding  the  constants 
in  reduce  Plate  I  V  to  each  ofthe  other  plates, effect  - 
economj    "I   labor  in  the  solution  of  the  equations,     Bu( 
what,  we  actually  want  to  do  is  to  reduce  each   plate   to 
Plate  1  V  ;  and   the  con  bant      requin       to    1 
slightly  1'nnn  those  found  above. 


It 


Xa    =    ,rl  +  d.rl  +  /o/,  +  C 
,,.,    =    y,  +  ,/.;-,  +  ey,  +/ 


it  is  easily  seen  that,  to   a   sufficient 

tloll, 

sr,   =  .'■;—  1  .',.  —  (b—ai 

Do  effect  tin  operation  we  must  therefore  add  to 

our  constants    the   following    small    corrections,  and    then 
change  all  their  signs. 
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Table  III.     Cobb ss   co  be  A.dded  to   mm    Constants  "i    Tables  I    i.nd  II. 


" 

h 

c 

d 

' 

/ 

IV  to  1 

+  lii  «xo 

io-*xo 

+  1(i-xn 

lii  «x0 

I  LO  "Xii 

-10-  X" 

II 

(1 

II 

<i 

0 

n 

II 

III 

1 

II 

0 

II 

1 

0 

V 

2 

0 

1 

II 

1 

0 

\  II 

2 

II 

1 

II 

2 

1 

\  III 

1 

0 

II 

II 

1 

1 

l\ 

3 

II 

1 

II 

3 

1 

With  these  modified  constants  all  the  plates  were  reduced 

to   plate    IV.      Thf    results    were   collected    anil    the    means 

taken  separately  for  the  groups  at  the  two  epochs  1870.3 
and  1877.3.  These  were  combined  into  a  final  mean  for 
1S7.">. it  with,  weights  inversely  proportional  to  the  ins- 
tances from  this  epoch.  This  procedure  is  precisely  equiva- 
lent to  that  adopted  by  l>r.  Schlesingee,  bul  has  a  certain 


formal  advantage  in  thai  it  does  uol  represenl  the  discord- 
ances between  the  means  of  the  two  entirely  due 
in  proper  motion. 
The  results  are  given  in  the  following  table.     The  means 

of  the  reduced  met is  are  still  in  the  original  units :  but 

the  probable  errors   have  hern  expressed  iii  seconds  of  aie, 
that  their  size  may  he  more  readily  appreciated. 


Table  I\ 

'.     Mean 

Results  from  the  En 

in  Plati  s. 

Star 

Z-COOBDINATBS 

v- 

lOOBDINA  1  BE 

I.  Least  -Si  |. 

II.  Appr. 

P.E.  of 

P.E.  of 

Schlesinger 

I.  Least-Sq. 

II.  Appr. 

P.E.  of 

P.E.  of 

Schlesinger 

Solution 

Solution 

I 

II 

I'.K. 

Solution 

Solution 

I 

II 

I'.K. 

1 

-37. SUM 

"8072 

±.034 

±"(137 

±.041 

+  18.6760 

m6763 

±.016 

±.019 

±.026 

o 

36.7998 

.7'.  192 

.017 

.022 

.018 

-  0.4231 

.  1229 

.014 

.01  1 

.015 

3 

35.6810 

.(1807 

.031 

.039 

.032 

-15.0107 

.0107 

.012 

.013 

.OL'l 

4 

33.9154 

.9157 

.026 

.031 

.024 

-32.0909 

.nolo 

.015 

.01  1 

.010 

5 

24.9201 

.9190 

.036 

.037 

.022 

+  31.9447 

.9451 

.016 

.016 

.015 

G 

20.7284 

.7278 

.017 

.0  13 

.031 

+  17.1992 

.1995 

.ois 

.017 

.031 

i 

17.9726 

.9726 

.017 

.017 

.025 

-16.0  13  1 

.0  135 

.026 

.026 

.024 

7a 

13.8869 

.8867 

-  0.7700 

.7700 

8 

13.8897 

.8891 

.028 

.027 

.028 

+  17.9468 

.9469 

.019 

.019 

.022 

10 

12.9793 

.9791 

.035 

.035 

.028 

-  4.0211 

.0211 

.008 

.008 

.012 

11 

12.1 1S7 

.1187 

.027 

.025 

.032 

-•9.7577 

.7578 

.OIS 

.017 

.1127 

14 

3.5110 

.5104 

.014 

.013 

.031 

+  23.9393 

.9300 

.014 

.015 

.022 

15 

3.3002 

.3001 

.015 

.015 

.022 

+   2.9996 

.9996 

.014 

.014 

.012 

16 

2.3683 

.3690 

.027 

.028 

.028 

-31.2375 

.2378 

.009 

.008 

.021 

17 

-  0.9658 

.9661 

.026 

.027 

.035 

-13.1  185 

.1486 

.007 

.007 

.011 

18 

+   0.5751 

.5751 

.021 

.         .01' 1 

.024 

-12.3011 

.3013 

.016 

.017 

.019 

19 

0.5815 

.5820 

+28.8897 

.soon 

I'd 

0.9227 

.9224 

.018 

.016 

.016 

-13.0784 

.0786 

.ois 

.018 

.023 

22 

2.8448 

.8452 

.027 

.027 

.040 

+18.6740 

.6742 

.015 

.013 

.015 

23 

1.2164 

.2166 

.037 

.037 

.nil 

+16.1987 

.loss 

.016 

.016 

.025 

23a 

5.2367 

.2369 

.016 

.016 

.OL'l 

+  17.7850 

.7  son 

.019 

.017 

.022 

24 

6.3634 

.3630 

.044 

.042 

.051 

-13.6624 

.6626 

.013 

.013 

.016 

25 

6.9372 

.9370 

.035 

.033 

.043 

-  3.1238 

,1239 

.013 

.013 

.016 

26 

7.0646 

.0639 

.023 

.023 

.034 

-26.1059 

.1062 

.016 

.014 

.028 

27 

7.3093 

.3091 

.025 

.025 

.037 

-    4.2501 

.2592 

.016 

.015 

.022 

28 

7.537  1 

.5374 

.016 

.016 

.030 

+   6.9751 

.9751 

.017 

.017 

.020 

29 

8.1098 

.1103 

.027 

.025 

.046 

+30.5955 

.5958 

.017 

.018 

.030 

31 

8.7319 

.7315 

.038 

.037 

.041 

-12.75S7 

.7589 

.021 

.020 

.027 

32 

10.6276 

.0266 

.020 

.023 

.026 

-36.5866 

.5870 

.014 

.011 

.028 

33 

12.2785 

.2775 

.034 

.038 

.048 

-34.2550 

.2563 

.024 

.021 

.037 

34 

12.9025 

.9023 

.027 

.028 

.029 

-  0.8359 

.8360 

.016 

.017 

.012 

35 

14.8789 

.8794 

.020 

.023 

.028 

+36.4325 

.4328 

.017 

.019 

.025 

36 

16.3688 

.3688 

.01' 1 

.024 

.02S 

+  13.SSOC, 

.ssi  17 

.017 

.019 

.022 

37 

16.5233 

.5228 

.018 

.018 

.032 

-10.2453 

.2455 

.020 

.020 

.029 

38 

20.1315 

.1312 

.033 

.036 

.031 

+   6.7647 

.7646 

.019 

.018 

.030 

39 

20.8706 

.8706 

.011 

.010 

.027 

+  13.0650 

.0050 

.012 

.011 

.021 

40 

22.7285 

.7274 

.023 

.029 

.020 

-31.8969 

.S973 

.022 

.024 

.014 

43 

30.5936 

.5933 

.023 

.025 

.036 

+   9.9457 

.9457 

.025 

.026 

.035 

44 

31.1251 

.1252 

.036 

.039 

.027 

+  29.3005 

.3696 

.022 

.023 

.013 

45 

+  35.4483 

.4473 

±.022 

±  .027 

±.032 

-21.4897 

.4902 

±.015 

±.018 

±.022 

pro  i75 
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The  ./-measures  do  not  come  out  as  well  as 
ares,  as  was  to  be  expected  from  the  fact  that  the  star  discs 
are  sensibly  elongated  owing  to   defective  clock  driving, 
[do  not  think,  however,  that  this  is  responsible  for  the 
whole  of  the  inferiority   ol   the   c-results.     A  i 
Tallies  I  and  11  shows  that  the  constants  derived  from  the 
approximate  solution  frequently  differ  from  those 
least-square  solution  by  considerably  raon  proba- 

ble error  of  the  latter.      5  et,  judging  by  1 1 
of  one  equation  for  each  solution,  th 

tions  very  nearly  as  well.     To  a  smaller  extent  this  is  true 
of  the  y-equations  also. 

A    suspicion   arises   that   the   mi  >ecially    the 

x-measures,   may  be  in  part  affected  by  sunn'  systi 
emu-:    and   it  is  well   to  examine  the  method  of  measure- 
ment used. 


In    I 
divided  into  ■ 

t  'an-  v 

itral   star,  in   both   port 
tin-  result  o 
eally  wil 

made  in  bi  - 
common  stars  on  i  ■ 

In   order  to  examine  whether  Buch   ■■> 
actually  ex  -; s,  I   have  dividi 
square  solution  inl 

:i  which  the  stars 
stars  common  to  the  t  wo.     'I  I  i 


Table  V.     Classifn  ition  of   Residuals. 


Plate 

I 

11 

in 

IV 

V 

\  ii 

VIII 

i\ 

Mean  s-residual 
Portion  1 

II 

Moan  //-residual 

Portion  I 

It 

-.0004 

+  . U 

-.0002 

+  .0002 

+  .0010 
-.0008 

+  .0001 

, 3 

-.0007 

+  .IM  II  IS 

+.0001 

-.Olllll 



1 

it 

+  . 2 

.0004 

+  .1 1 

•  2 

-. •-• 

+  . 5 

-.0010 

5 

' 

+.0003 

+. ■"• 

+. 1 

It  seems  clear  from   this  table  thai    the  ..-coordinates  of 
Plates  11.  111.  VI 1  and   IX.  at  lea  ted  to  some 

extent  by  the  source  of  systematic  error  indicated  above. 

Objections  inaj  I  ","  on  theground 

that  the  stars  in  the  separate  ciently 

well  distributed  over  the  plate  to  ] 
this  manner.     But  an  examination  of  thi 
in  Table  I  V  slews  that  the  accural  imparison  for 

stars  near  tl  erior  '"  ,li:i' 

for  the  central   portions.     And  I  cannot  escapi 
sion  that  the  greater  part  of  the  discrepancy  is  dt 
real  defect  in  the  method  of  measurement  adopted. 

In    view   of  this   apparent    inferiority  of  the 
which  was  remarked  by   Dr.  Schlksinger,  but  attributed 

by  him  soleh  to  the  e  ll  wil) 

lirer,  I  think,  ti iifine  our  atti  ey-measures 

in  discussing  t  tie  results. 

It  should   be  toted  that    the    probable   errors  of   T 
computed   Iron,   the  residuals  from  the  mean,  9X6  03 

by  the  reduction  to  a  common  epoch.      The  residuals  are 


separate    mean.      The   probal 

terioii  of  the  accuracy  with  which  plates  taken 

epoch  can  he  compared. 

The  values  of  tin-  discordai 
early    and    the    hit 
accuracy  with  which  p] 
.oared.     I  have, 

INGl  R'S 

between  the  means  oi  the  two  groups.      I 

includi 

whole,  whereas  thi 

the  effect  of  the  relative  pro]  • 

group.      I  have    tl 

from  the  mean  disi  'he  thirty-t 

Olutions    depend.       Dr.    S(  ill  i  SING!  R  - 

are  given  iii  seconds  ol  me.  I 

mil  units  on  the  scale  1"""    - 
exhibits  the  discordances  \\  ith  theii 
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Table  VI.     Discordances  Between  thi    Means  in  y  oi    phe  Two  Groups  oi    Plates  Sep  abated  bt    w 

I\  1  f  i-.\  \i.  01    Seven    Yi  abs. 


Star 

Si  111  1  -1  \'.i  11 

HlNKS 

;    Solution      Approx. 

Solution 

Star 

S(  III  ESI  \>.l   1: 

II  im>< 
Least-sq.  Solution     Approx  Solution 

|)isr. 

P.E. 

Di-.-.          P.E. 

1 '  31 

P.E. 

Disc. 

P.E. 

Disc. 

P  E. 

Disc. 

P.E. 

1 

1-0.0015 

mill. 

_  0.0003  ±.0006 

+0.1 '-' 

.  .0007 

•j:;\ 

±.0008 

1    7 

-0.0006 

i 16 

2 

+        15 

5 

+           6 

+          9 

5 

24 

8 

.1 

+ 

.1 

0 

4 

3 

26 

23 

—        22 

.1 

25 

-          8 

5 

-          3 

I 

-          5 

5 

1 

-        26              1              17                            17 

.1 

26 

17 

11 

1 

6 

-          6 

5 

5 

-1-        23            .1  ±          1 

6  +-          6 

6 

"7 

+         1.1 

8 

+        21 

6 

+        20 

5 

6 

-f-        32           12  +         is 

6  *         21 

6 

28 

8 

8 

-          8 

6 

-         8 

6 

7 

-       :;i            9 

32 

9 

31 

9 

29 

1         21 

11 

+          8 

6 

+        12 

6 

7\ 

-       .11 

IS 

- 

IS 

- 

:;l 

+          2 

11 

+         12 

7 

+          9 

7 

8 

-1-          8 

8 

—          6 

7-           1 

7 

32 

17 

11 

+          5 

.1 

0 

4 

10 

f-        13 

1 

+        11 

3  +■        12 

3 

33 

15 

13 

+          5 

8 

0 

7 

11 

+  N      2 

11 

+            4 

4  + 

3 

:;i 

+          2 

4 

+          6 

6 

+          6 

6 

1  1 

+          9 

8 

-          4 

1 

5 

35 

+        13 

9 

1 

6 

-          1 

. 

1.1 

+          8 

4 

+          5 

.1 

+ 

5 

36 

+        17 

8  +          11 

6 

+        12 

6 

16 

19 

8 

-          3 

3 

-          6 

3 

37 

11 

11  -         3 

7 

-          4 

7 

17 

9 

4 

+          .1 

3  +          3 

2 

38 

-         6 

11  -          6 

7 

—           7 

6 

IS 

+          2 

7 

+■        1  1 

6 

+        11 

6 

39 

—          8 

8 

-          7 

4 

-          8 

4 

19 

_          2 

- 

1.1 

- 

-         14 

- 

40 

-        13 

.1 

+          8 

8  +          3 

9 

20 

-           4 

8 

+           1 

6 

0 

6 

4;; 

-        17 

13 

13 

It 

14 

9 

22 

+          9            .1  +          6 

6+        10 

.1 

11 

-         8 

5 

13 

8 

12 

8 

:':; 

+        26±.< 9+0.0019 

±.0006  +0.0021 

±  .0006 

4.1 

-0.0004 

±.0008 

+  0.0015 

±.0006 

+  0.0011 

1  .0007 

S4-       COMPABISON    OF    THE    THREE    SOLUTIONS. 

Let  us  call  Dr.  Schlesinger's  solution,     Solution  A. 
Mj  least-square  solution,  Solution  />'. 

M\  approximate  solution,         Solution  C. 

We  will  confine  our  attention  to  the  ^-coordinates,  for  the 
reasons  given  above. 

In  the  first  place  let  us  compare  solutions  B  and  C.  An 
inspection  of  the  latter  half  of  Table  IV  shows  that  there 
is  practically  nothing  to  choose  between  the  two.  The 
scale  is  ()"""•. 0001  =  0".0053.  The  differences  between  the 
corresponding  means  seldom  amount  to  (V.02,  and  are  well 
within  the  probable  errors,  which  are  almost  identical  in 
the  two  solutions. 

Secondly,  in  a  few  cases  the  probable  errors  of  solutions 
B  and  C  come  out  slightly  larger  than  those  of  solution  A, 
but  in  most  they  are  smaller.  It  follows  that  the  plates  in 
each  group  agree  among  themselves  better  in  B  and  C  than 
in  -4. 

Finally,  if  we  examine  the  discordances  between  the 
early  and  late  plates,  as  shown  in  Table  VI.  we  see  that  a 
few  large  ones,  which  may  fairly  be  attributed  to  real 
proper  motion,  agree  well  on  the  whole  in  the  three 
tions.  The  remainder,  which  are  doubtless  due  in  the  main 
to  accidental  irregularities  in  the  plates  and  in  their  meas- 
urement, are  in  general  considerably  smaller  in  solutions 
B  and  C  than  in  A  ;  and  their  probable  errors,  being  func- 
tions of  the  probable  errors  of  Table  IV,  are  smaller  also. 


It  appears  to  me  then  thai  the  solutions  /.'and  C  have 
certain  advantages  over  solution  A,  in  that  they  are  appar- 
ently more  accurate  and  certainly  far  less  laborious. 

As  for  accuracy,  they  produce  a  closer  agreement  be- 
tween the  plates  for  any  one  epoch,  and  presumably  a 
better  mean  determination  of  the  star-places  at  that  epoch. 
They  also  allow  of  a  more  exact  comparison  between  the 
results  of  groups  of  plates  taken  at  different  epochs,  for 
the  determination  of  parallax  and  proper  motion. 

As  for  the  labor,  solution  B  is  much  shorter  than  A  :  and 
C  involves  about  one-quarter  of  the  labor  of  B,  and  is 
apparently  just  as  accurate. 

For  parallax-work  then-  seem  to  be  great  advantages  in 
the  methods  B  and  C  of  this  paper.  For  the  presentation 
of  measures  of  star  clusters  they  have  at  present  this  dis- 
advantage, that  the  older  work  is  published  in  a  form  not 
quite  immediately  comparable  with  the  new.  It  should 
not  be  forgotten,  however,  that  the  comparison  of  two 
pieces  of  old  work  requires  reductions  for  precession,  and 
almost  always  systematic  corrections  for  the  errors  of  such 
value  and  orientation  which  result  from  imperfect  meridian 
places  of  the  stars  of  reference. 

It  is  one  of  the  strongest  points  of  the  new  method  that 
no  meridian  places  are  required  in  the  comparison  of  the 
pdates.  Nor  in  fact  are  they  required  at  all,  except  that  in 
the  deduction  of  parallaxes  we  want  an  approximate  knowl- 
edge  of  the  right-ascension  and  declination  of  the  center 
of  our  plate. 
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For  the  detection  of  proper  motii  i    with 

future  photographic  work,  the  Qnal  results  in  my  Tal 
are  more  immediately  available  than  if  they  had  I" 
pressed  in  right-ascension  and  declination. 

§5.     Conclusion. 

I  should  sum  up  as  follows  what  seem  tome  to  b 
conclusions  to  be  drawn  from  this  paper. 

I). 'terminations    from  photographs    of    parallax,  and    of 
positions  of  the  stars  in  a  cluster,  may  be  carried  out  with 
advantage  entirely  in   rectangular  coordinates,  and  I 
suits  published  in  them. 

The  approximate  method  of  solution  of  the  i 
condition  may  safely  be  adopted. 

The  saving  of  labor  is  so  great   that  a  jusl    proportion  i- 


Lei  me,  in 
no  pa:'  nality  tor  thi 

They  an-  simply  an  obvious  adaptation  > 

j   Professor  Turner.     [  do  not  think,  1 

iin-1  hods  are,  and  I  can  onl'    I 

mple  here  brought  forward. 
We  an 

isual  to  photographic  mi 
o   laj    out   a  sound    lini      I  M 

sperienced  wot  ki  i  which 

seems  to  me  a  g 1  one. 
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THE   LIGHT-CURVE   OF   CERASKI'S 

Bl    .1.    A.     I'  \ 

I  have  45  observations  of  this  star  between   1899  June 

15  and  Sept.  12.     Of  these,  22  fall  within  0d.20  of  t  hi 

of   minimum,    computed    from    the    date    given    bj     Prof. 

Ckkaski  in  A.N.  No.  3572 ;  assuming  the  minimum  of  L899 

May    7,l.4."il    as    the    zero    epoch,    and     using    tie'     pe I 

4'1  131'  II".     The  22  observations  relate  to  thi 
minimum : 


E 
11 

( lomp.  Min. 
(.i.  M.T. 

dune  26   17.9 

No.  of 

(His. 

8 

E 
23 

i  lomp.  Min. 

l.r.  M.T. 

.1         h 

Aug.  20    1  1.7 

So,  "i 
Obs. 

■j 

13 

July     5  21.4 

2 

25 

29   18.2 

1 

14 

10  11.1 

2 

28 

Sept.  1-    HI 

•  > 

16 

19  1  L6 

5 

The  magnitudes  given  depend  on  a  provisional  scab',  the 
main  point  s  of  which  arc, 

„  DM.  +4.r;;n.v,  s.'<; 

/                      3067  9.2 

,/                    :;ih;:;  9.6 

2  5sfoll.l'.8  S.of  d  12.it 


LLGOi-VARIABLE   -fDM.  t5°3062, 

RKHURST. 

On  this  scale  the  normal  light  is  8*. 75,  and  the  minimum 
ll*.4.      Hie  following  points  will  show  the  chat 
gh  tic  22  obsei 


Time 
0.00 
0.05 

i). in 
0.15 
0.20 


Magn 
Before  Min.      After  Min. 


11. in  .    . 

L0.84  11.40 

in. in  L0.80 

9.54 

9.10  9.15 

ml  magnitudes  were  in  fail  I   with 

this  curve,  the  average  residual  beii 

The  minimum   by  this   cun  - 
rection  of  -t-0h.S  which  may  In-  applied  to  the  minimum  of 
epoch  19,  about  t!  • 

by    Prof.   Ceraski    this   minimum    was   dui     Lug.  2      7    -. 
which    with    the    above    correction  .      - 

E.  •'.  l'n  kering  in  Harvai 
lege  i  ibservatorj  i  lirculai  No    ll.  j  ield  foi  thi 
7  7  1  i     \  i  i  ■_■    _     s     12 

confirm     Prof.    Pn  ki  ring's    extension    of   thi 
lb;    ! 


OBSERVATIONS    OF    PLANET    EY  (cbablois,  Dec.*), 

MADE     \  I     I  H  I     SCHOOl     "i     9CIENCI    OBSERVATORY,    PRINCETON,    N.J., 

Btf    T  i.1  LOE    Rl  t  D. 


1899  Greenwich   M.T. 

* 

No. 
Comp. 

t'l.iint      # 
da           |            JS 

Planet's  Apparent 

|           5 

for  .1 

Dec.    8     16  55  51 

9     i,-.    5  39 

ir.  32    19 

12     16  10  23 

1 
o 

•  > 
3 

3  .  1 
6  .  6 

-;-i"l7V.o 

2  53.59 
1  1   27.87 

+  1    11.:; 
-6  25  5 

-::,  37.9 

It      n 

in  17 

1  32  55  35 
l  30     8.67 

-  l  l 

•  1  l  31   31.6 

+  1  1  42  23  9 

156 
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Mean    Places  for  1899.0  of  Comparison-Stars. 


* 

a 

Red    to 

8 

Authority 

1 

2 
3 

1.31 
I  35   13.23 
!   28  35.09 

+  5*707 
r  5.714 
+5.715 

+  1  I  26  -i'  1          +-   9*53 
•  l  l   37    17.2         +  9.93 
+  1  1    15  51.1         +10.66 

Yaniall  2065 

Vamall  2042 
W.  Bessel  541 

OBSERVATIONS  OF    NEW    VARIABLES, 


Bi   .1.    \.  PARKHURST. 


Anderson's  N :  w  Variable  in  Hercules. 
This  was  announced  in  A.N.  No.  3594  as  9".0,  1899  \m  ■ 
22  and  2  I.  ami  9™. 9  Sept.  21 .  I  have  ten  observal  tons  be- 
tween Oct.  12  and  Nov.  20.  The  star  faded  from  about 
11  J M  ;  <  t  the  first  comparison  to  12^*  Nov.  t,  and  was  ao1 
seen  (limit  about  12")  Nov.  8,  15  and  20.  lis  variability 
seems  therefore  bo  be  well  established.  It  is  0B.8  preced- 
ing and  2'  2"  north  of  the  star  DM.  +  19  3  189,  which  is 
No.  6537  in  the  Berlin  Astron.  Gesell.  Catalogue.  The 
position  of  the  variable  is  therefore 
R.A.  Decl. 


V: 


24. 


+  1!)   29  41 
'J'.i  20 


(1855) 
(19 


Anderson's  New  Variable  in    Cygnus. 

The  discoverer  found  (A.N.  No.  3594)  a  decline  from 
8K.5,1899  Aug.  28,  to  9M.2  Sept.  20.  From  nine  observa- 
tions between  Oct.  12  and  Nov.  L'tl  1  have  found  a  decline 
from  9M.3  to  9M.9,  based  on  the  two  comparison-stars  whose 
coordinates  from  the  variable  and  assumed  magnitudes  are 
as  follows  : 

R.A.  Decl.         Mag. 

b     +6.0         +33        9.4         30°3965 
d     +7.7         -26         9.9 

The  position  of  the  variable,  from  micrometer  compari- 
sons with  the  two  Bonn  VI  stars  DM.  +30°3962  and 
3965,  is 


L'ii 


9   l  l.l 
1 1   32.6 


30  37  54   1 1855) 

16     I    (1! i 


CER  LSKl's    V  \l:l  M'.m:    IN     I  ',  , 

This  star  was  announced  in  A.N.  No.  3512  and  my  first 
observations  were  given  in  A.J.  No.  157.  Since  it  went 
below  my  limit  (12M.8)  in  November  1898  1  looked  for  it 
once  or  twice  a  month.  It  was  below  my  limit  up  to  and 
including  1899  Aug.  30,  but  at  the  next  observation,  Sept. 
26,  it  had  reappeared  and  was  only  lM  fainter  than 
+82  635  (?)  The  change  since  that  time  has  not  been 
enough  to  determine  a  maximum.  As  it  was  now  bright 
enough  to  measure  with  precision,  I  took  the  opportunity 
to  correct  the  position  given  in  A.J.  157,  having  obtained 
the  places  of  the  comparison-stars  by  the  kindness  of 
Dr.  Frank  Schlesixgkr.  The  DM.  numbers  of  these 
stars  are  uncertain,  being  obtained  b\  counts  from  the 
nearest  known  stars  on  the  charts.  The  positions  arc  from 
(  Jarrington's  Catalogue. 


b     3222 

+  32 

°635 

21   6  59.5 

+  82  25     5.7  (1855) 

a    3225 

636 

8  22.7 

24  28.9  (1855) 

/    Vb 

23.1 

3  51.4 

1     Va 

1    19.6 

4  24.3 

I'lace  of    / 

21  6  39.2 
3  38.5 

82  2S  58.1  (1855) 
39  50.3  (1900) 

C  O  X  T  E  X  T  S  . 
The  Methods  of  Reduction  ami  Publication  of  Measures  of  Celestial  Photographs  of  Isolated  Stab  Groups; 

a  Xew  Reduction  of  the  Rutherfurd  Praesepe  Plates,  r.v  Arthur  R.  Hi.nks. 
The  Light-Curve  of  Cehaski's  Axgol-Vabiable  +DM.  45°3062,  by  J.  A.  Pabehurst. 
Observations  of  Planet  EY  (Chahlois,  Dec  4),  by  Taylor  Reed. 
Observation's  of  New  Variables,  i-.y  J.  A.  Pabehurst. 
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NOTKS   ON    VARIABLE   STARS,  — No.  31, 


By    BENE!     M 
Y  Scorpii.     Period    probably   fifteen   days   either   more 
or    less    than   a  year.     My  o  indicated  a  mis- 

identification   of  the   variable   by    I>r.  Peters.     I    there- 
fore repeated  the  reduction,  assuming  the  precedin 
to  be  the  variable. 


I'A  i;  K  II  I    RST. 

Minima.     In    ci  ' -^    minima 

will    be   assumed    m i< i  ■  d    the   maxima,   when- 

ever  a   more    exact     M—m     is    not    given    in    the    Thir<l 
Catalogue. 


Result     oj    "imi;\  ltions. 


i  ibserved  Date 

No. 

Star 

Phase 

Julian 

( lalendar 

E 

(    HIT. 

w 

Mag. 

Factors 

Ren 

5338 

I    Bootis 

Min. 

is;,| 

ism 
Jul]    is 

40 

+95 

8 

1 2. 1 

0.88   L.01   59 

Max.  from  elen 

it 

u 

Min. 

1853 

Julj    17 

40 

I    M| 

f.I' 

L2.4 

_ 

« 

a 

Min. 

4853.8 

July  17 

40 

+  94 

'.1 

I  2  2  l 

0.98  0.95  32    Comb,  obsns.  Julj 

5405 

li  T  Librae 

Max. 

1799 

May  24 

- 

7 

8.37 

0.86  0  77,  22 

250  ' 

5438 

V  Librae 

Max. 

1819 

June  13 

51 

2 

'.1 

9.04 

0.75  0.62   19 

5494 

S  Librae 

Min. 

1809 

June   3 

IS 

-   8 

6 

11.8 

-       -     - 

5501 

S  Serpentis 

Max. 

1852 

Julj   16 

71 

+34 

9 

8.93 

0.97   1.73  27 

« 

.. 

Max. 

IS7, 7 

July  21 

71 

+  39 

li- 

8.5 

_       _     _ 

(i 

a 

Max. 

1865 

•  l..l\  29 

_ 

+  17 

7,i- 

8.5 

Includes  last  observation 

5511 

RS  Librae 

Min. 

1817 

June  11 

17 

-19 

7 

1 1 .95 

1.10  2.46   I". 

5566 

li  V  Librae 

Max. 

1 

Mar    L6 

10 

i: 

- 

-       -     - 

1891 

it 

a 

Min. 

1480 

Julj      '.I 

12 

r. 

-       -     - 

1808 

.. 

« 

Min. 

4800 

May  25 

13 

- 

i: 

-       -     - 

1899 

n 

a 

Max. 

I960 

\  .        i 

13 

- 

E 

-       -     - 

5677 

li  Serpentis 

Max. 

1910  5 

Sept.  1- 

71 

+   2 

9 

7.16 

0  89  0  72  13 

5688 

R  Librae 

Max. 

1827 

June21 

- 

- 

'.i 

9.10 

1  06    1  "ii  26    Lasl  Interval  730 days 

.".7  7ii 

/,'  Herculis 

Max. 

4816 

JunelO 

39 

29 

9 

8. 19 

0.58  0.65  22    Correction  stationary 

5795 

W  Scorpii 

Max. 

IS  11 

June    5 

38 

37 

7 

11.27 

_        _      -     Confirms  negative  correction 

7.7  98 

HI'  Herculis 

Min. 

17,70 

Oct.     7 

- 

1 

-        -      - 

,i 

u 

Max. 

1839 

July     3 

If 

- 

-      - 

Probablj  earlier 

5830 

li  Scorpii 

Ma  K 

1810 

June    7, 

59 

26 

1 

L0.6 

-        -      - 

5831 

S  Scorpii 

Max. 

1780 

May    5 

1 28 

i: 

10.1 

Probablj  later 

5903 

V  Scorpii 
M    Herculis 

Max. 

1831 

- 

8 

11.0 

1.16   1  50  30    -              ibove 

5950 

Max. 

1801 

Ma\    26 

26 

22 

7 

8   17. 

0.92    L.00  37    Correction  stea 

6132 

R  Ophiuchi 

Max. 

1926.6 

Sept.  28 

:,l 

is 

9 

7.13 

0.54   0  11    12 

6160 

HI'  Herculis 

Min. 

1882 

Aug.  15 

1 

r. 

_        _      _•    1                                  '.  421 

6207 

Z  Ophiuchi 
US  Herculis 

Min. 

issl 

Aug.  1  1 

7 

+  20 

5 

12.5 

2.34   2 

x         ..  rvauons  In   \ 

6225 

Max  A 

1868 

8 

1.17   lis  ::i 

Per.  219,  from  Send( 

MaxB 

1902.9 

Sept.    I 

'.' 

7. '.'7 

0.99   i  "l   25 

221,  from  fend*  11  - 

« 

« 

Ma    E 

1896 

Aug.  28 

3p 

7.9 

- 

6624 
6849 

6894 

'/'  Serpentis 
R  Aquilae 
S  Lyrae 

Max. 

Min. 
Ma 

1912 
1822 
1840.0 

June  16 
Julj     l 

II 

i; 

5 

29 

•  28 

•  29 

9 
1 
9 

IOC, 

9  9  i 

2  19   ' 
1.26 

1  ow<  -i  obs<  •• 

1 58 
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I  \i.|\  mi    \i-    '  lB81  i:\   LTIONS. 
Including  Observations  In   Aiuiiik  C.  Pebbi 


5338  V  Bootia. 

■  i  iontlDued  I  rom  1 1 1 

Julian    Calendar      Mag. 

i  i . 


isi.se, 

June 

L2 

10.79 

1825.6 

19 

10.74, 

1832.6 

26 

lo.ll. 

1837.7 

Jul3 

1 

11.7i- 

1838.6 

2 

11.  IN. 

1838.6 

•  > 

11.7i- 

484  1.6 

8 

L2.1p 

1867.6 

:;i 

1  1.54, 

1867.6 

::i 

1  1  .'.»! 

1873.6 

An-. 

6 

1  L.lp 

1882.6 

L5 

L0.82, 

1894.5 

27 

10.26. 

1897.5 

\ 

30 

HUr 

1905.5 

Sepl 

7 

10.33 

1920.5 

22 

10.32 

5405  A"/'  Librae. 
(Continued  from  444. > 


4775.6 
1784.6 
4786.6 

Apr. 
Maj 

30 
9 

11 

4789.6 

II 

4800.6 

25 

4801.6 

26 

4805.6 

30 

4805.6 

30 

181  i.i; 

Juni 

8 

4835.6 

29 

5438  Y 

Lih 

(Cont.fromS88.  Comp. 

1899 

4757.6   Apr.   12 
4773.6            28 

1784.6 
1787.6 

May 

9 
12 

4806.6 

31 

1812.6 

June 

6 

1816.6 

10 

1820.6 

1  1 

4824.6 

is 

1827.6 

21 

1833.6 

27 

8.87. 
8.60, 
7.99. 

N..-.N. 

8.72! 

11.2p 

8.98. 

10.2  ' 


Stars  333, 

11.7] 

11.8] 

11.8 

11.25., 
9.602 
9.062 
9.082 

N.N'.I. 

9.032 

9.82 

9.77, 


5494  S  Librae. 

(Continued  from  415, 1 


4787.7  Maj  12 
1789.6  *  14 
1808.6  June  2 
1814.6  8 

4835.6  29 

1838.6  July    2 


10.4 

10.51.. 

12.15. 

12.182 

10.68; 

10.72., 


55(>1  S  Serpentis. 

<  Con  t. from  444. Comp.Stars3SS) 

l>:,:, 

4757.6  Apr.  12  11.6: 
4773.6     28  11.1 
4773.6     28  11.04. 


5501  S  Serpentis     <  lont, 
Julian    i  alendar       M  i 


Jul 


1779.6  May 

1801.6 

1812.6  June 

1820.6 

1835.6 

1837.7 

1839.6 

1840.6 

1847.6 

1854.6 

1862.6 

1865.6 

1867.6 

1873.5 

4875.5 

4897.5 


AllL 


in.;  15. 

11.66, 

12.16. 

11.92] 
9.85s 
9.8p 
9.7p 

8.90, 

8.902 
n.n.s. 
9.11. 
9.06a 
8.5p 
9.132 
9.0p" 
9.7p 


RS  Librae. 

■om  444.  Comp  Stars  388 
1899 


1789.6  M;.v  1  I 
1808.6  June  2 
4814.6  8 

1835.6  29 

1838.6  July  2 
4850.6  14 

5566  RU  Libn 


L0.54, 

11.07, 
12.09 
11.59, 

H.93.; 

11.41., 


4(174.7 

May  29 

10.4 

4004. 6 

June  18 

11.0  : 

4096.6 

20 

12.0] 

4458.6 

1898 

June  17 

12] 

I777i.(i 
4805.6 

1899 

Apr.  30 
May  30 

10] 
12] 

1846.6 

July  10 

10.2 

4847.6 

11 

10.53 

4867.6 

31 

9.94 

1874  5 

Aug.    7 

9.82 

4894.5 

27 

9.32 

567 1   II  Serpentis. 

(Continued  from  305.) 

1899 

4757.6  Apr.    12 
4773.6  2S 

1787.6  May  12 
4805.6  30 

4817.6  June  11 
1835.6  29 

4846.6  July  10 


11.7  : 

12.6] 

12.6] 

12.4 

11.8] 

12.0 

12.27., 


Aug. 


1866.6 

4867.5 

4874.5 

4882.6 

1883.6 

1892.5 

4894.5 

4902.5  Sept. 

4905.5 


9.52s 

9  s:; 

8.70, 

7.832 
8.782 
8.192 
7.842 
7.352 
7.24.; 


567'i  /,'  Serpentis  -    ( !ont. 
Julian    Calendar      Mag. 


1908.5  Sept.  in 
1911.5  13 

1914.5  16 

1918.5  20 

1920.5  22 


7.2.'!. 
6.96, 


5688  B  Librae. 
Continued  from  421.) 

1898 


1  158.6 

June 

17 

12.5] 

1  181.6 

July 

Hi 

13] 

1805.6 

May 

30 

10.62s 

1806.6 

31 

10.7H. 

4806.6 

31 

I0.79s 

1808.6 

Juni 

o 

11.20, 

4810.6 

4 

10. NO., 

1812.6 

6 

10.40, 

1816.6 

10 

10.2C... 

1832.6 

26 

10.3  " 

1833.6 

27 

«.  1.77.. 

1836.6 

30 

10.14, 

4839.6 

J  uly 

3 

lo.NN,; 

4845.6 

9 

10.71., 

1866.6 

30 

11.7  " 

570N ///•//,  rati. 
Julian    i  all  i  dai 

4570.5  Oct.    lo 

1597.5  Nov.    3 

1      n 

1839.6  Julj  3 
4855.6 
1858.6 
1862.6 
1865.6 
4867.6 
1873.6  big 
in::,.;, 


10 

22 
26 


1883  6 
4889.5 
1897.5 
4897.5 


31 

c, 

8 

16 


30 
30 


( '(int. 
Mag 

12]i- 
12]p 

Sir 

9.1 
8.74, 
9.082 
9.29 
9.1p 
o.li- 
9.03 
9.24s 
9.30 
9.60s 
9.5p 


6132  I!  Ophiuchi. 

Continued  trom  i  •■ 

Julian     Calendar      Hag 

UN 

ism;,..;  Maj   30 


5770  11  Herculis. 

(Continued  from  45C.) 


4757.6  Apr.  12 
4773.6  28 

4773.6  28 

1779.6  May     4 

4798.6        '    1'.", 
4808.6  June    2 


4814.6 

4818.6 

4822.6 

4825.6 

4829.6 

1838.6  July 

4846.6 

1866.6 


11] 
11.7 
L1.29, 
10.982 
10.34, 
8.892 
7.77„ 

n. c.-.; 

8.92, 


5830  R 

Seorpii. 

(Continue, 1  from  I  i. 

1899 

1787.7 

May 

12     10.7 

1806.6 

31     10.6 

4808.6 

June 

2    10.73 

1810.6 

4    10.63, 

4816.6 

10    10.04. 

4832.0 

26    10.96 

in;  ;.■;.<; 

27     11.36, 

1836  6 

30    11.61 

5831  S  Seorpii. 
(Continued  from  4r,<;.) 

1899 

4787.7  May  12 
1806.6  '  31 
1808.6  June    2 


INI  7.0 

1837.6 
1838.6 
1850.6 
1866.6 
1874.5 
1882.6 
1883.6 
1892.5 
1901.5 
1902.5 
4905.5 
1908.5 
1915.5 
1919.5 
1920.5 
1925.5 
4926.5 
1929.5 
1933.5 
4940.5 


June  1 1 
July    1 

l  l 
30 


An, 


Sept.    3 


lo 
17 
21 


28 

1 


12 


11.5 

1  1.5 

1 1 ,2 

l  LOO, 

10.01 

10.2 
9.38, 
8.63, 

8  21 1 
7  07 
7.88, 
8.02, 
7.84, 

7  23 
7.35, 
7.86, 
6.85, 

7.00.; 

7.07.; 

8  21 ' 
7.63. 


1810.6 
4816.6 
1832.6 

8.80    l833.6 

8.85s  is::i;.i; 

8.64 , 

9.08, 

9.81„ 


4 
10 
26 


5903  V  s, 


5795   W  Seorpii. 

(Continued  from  421.) 

4N05.0  May" 30    11.3 


1806.6  31 

1808.6  June  2 
4810.6  4 

4812.6  6 

4816.6  10 

1832.6  26 

4833.6  June  27 
1840.6  Julv  4 
4850.6         "   14 


11.29 

11.14.; 
u.55; 

10.94, 
11.622 
11.6] 

11.8 
12.0] 

12.0] 

5798  RV  Herculis. 

4487  July"l6  12]p 
4507.6  Aug.  5  12]p 
1547.6  Sept.14    12]r 


1810.6 
1816.6 
1832.6 
1833.6 
1836.6 
4839.6 
4845.6 
4866.6 


June    4 
10 


3(1 


July 


9 
30 


10.5 

lo.l 

10.51, 

10.59 

10.342 

10.26 

11.25, 

11.7,1, 


11.1 

U.55, 

11.2  " 

10.71 

11.07 

11.63" 

10.95 

11.7 


6100  /,"/'  Herculis. 

(Continued  from  156.) 

1899 

4757.6  Apr.  12  to 

1905.5  S.-pt.    7    13] 
5  date 

1837.7  July     1  to 

4905.6  Sept.    7     12]p 

6207  Z  Ophiuchi. 

(Cont.froin  456  rump. Stars 333) 

1899 

4775.C,  Apr.  .".0  10.8 

4785.6  May  10  L0.1 

1787.6  '    12      9.81, 

4808.6  June    2  10.39, 

1814.6  8  10.34, 

1835.6  29  L1.52, 

1847.6  July  11  11.98, 

4867.6  31  12.34, 

1905.5  Sept.    7  12.32; 

4920.5  22  12.00, 

6225  RS  Herculis. 

1  on  tinned  from  456.) 

1899 


5950   W  Herculis. 

(Continued  from  421.) 
1899 

1770.6  Apr.  25    10. 

4774.6  29 

4785.6   .May  10 

4801.6  26 

4806.6  31 
4812.6  June    6 

4822.6  16 


17S7.7    May    12 
1816.6  June  10 


July 


9.55, 

9.43„ 
8.27; 
8.492 
8.81, 
9.25., 


1832.6 
1837.6 

4837.7 
isi  1.0 
4846.6 
4865.6 
4867.6 
4873.6  Aug. 
IS  7.-..  5 


10.7 

11.1] 

10.2 
9.92, 
9.9p 
9.3p 
9.30o 

7.93,: 
S.6p 
8.5p 
8.71, 


X     176 


Til  E     ASTRONOMICAL     JOT)  I:  N  A  I. 


6225BSHercvl.  -  Cont. 
Julian     Calendar       Mag. 


1883.6    \ 
1889.5 
1897.5 
4997.6 

I'.HH.." 

1905.1 

1  '.It  !>..' 

191  l.i 
1919  •" 


Sepl 


L6 
22 
30 
30 
6 


8.9 


6624    T  Serpentis. 
Julian     Calendar     Mas 


•>.'.i. 

8  ---  1805.6   Ma 

1837.6  July    1     12 


7.9p 

7.94  1847.6 
8.1p  4866.6 
8.22a  1875.6 
8.17,  1882  6 
8.55    1894.6 


11 

30 

Aug.    8 

15 


5] 


1907.5 
1912.5 
1918.5 
1925.5 
1929.5 
10.22  1933.5 
9.88     1942.5 


12.4 
10.0 


6624  TSerpentis- 
Julian     Calendar 

1897.6    \ 
1905.6  - 

9 

II 
20 


<  let. 


Julian  Calendar     Mag 

1822  6  -I    ;  •  16 

1847.6  July  11 

1868.6  An-.    1 


lO.oi; 


9  lr 
9.2p 

9  92 
10.39    1801.7  May  26     11.3 


Julian     ' 

am 
181  I  .6 


(  ont.from  i 


1845.6 


10.45 


Comparison   m  iks.   1893   1899. 


Star 

F 

1 

N 

IB 

T 
IT 

o  m 

\« 
u 


. .» . 


B  Si  rpentis. 


DM. 
+  15°2925 
4-15  2923 
+■15  2921 
+16°2837 
•  L5  2916 
+  15°2919 
+  1.1  2922 
7  n  .V 

7sl2f  "'I' 


Mag. 
7.07 
6.92 
8.32 
7.87 
8.44 
8.60 
9.38 
10.21 
10.12 


34 
37 
32 


19 

18 
4 

'.i 


Star 
U 

1  u 
w 

■ix 
d 

e 
f 
9 

h 


5688  B  Librae. 


DM. 
-  1.1  121] 
1.1  1215 
-1.1  I  I'll' 
-16  1170 
4//l/<  W 
2n\f  d 
3n2p        V 


2nlp 


Mag 
9.03 
9.65 
9.59 

II 
10  56 

ILL'S 
11.22 
11.16 

11.7.1 


9 
6 

17 

32 
12 
12 

6 
1 


Star 
T 

1  T 

■IT 
r 

1  D 
Y 
Z 

\z 


57 F0  R  Herculis. 


DM. 
•  18  3113 

+  18  3119 
+  18  3121 
+  18  3120 

-  is  31  l.i 
+18  3116 
+18  3118 


Mag. 

9.00 

9.15 

9.75 

9.61 

!i..ll 

10.42 

L0.76 

10.29 


I. 
F 

I 
1/ 

S 

w 

X 

v 


6132  I 
DM. 
1436 
1434 
;  126 
15  1466 
1416 
;  153 
1415 
1418 


d     ln3f      \Z     11.70        I 


I, 


V 


10.15 
10.18 

1 1 .5  I 


'.'  5 

I 


OBSERVATIONS   OF   COMETS    AND    MINOR    PLANETS, 

MA1>1.     VI      I  II  I      i    \  36  \  l:    I E    OBSEm    \  I  OBI  . 

Bv  MART  W.   WHITNE1     lnd  I    PROLINE   E.    I'I'llM  SS 


lV.I'.l  l.iv.-nwirl,    M.T. 

* 

No. 
Comp. 

rim  :      f. 

Ja            |              JS 

Planet's  Apparent 
|           8 

log  pA 

for  a            for  & 

Obs. 

Comet  a  L899  1 

June 

26 

L6     t™25 

1 

6 

-l'"l2J>.1        -5  22*2       14h29m23!91      +23°  52     7  1 

w 

-' 

15     8     0 

o 

•i 

+  4  50.39        -1     7.3       1  1  27    1"                     5  51.4 
107)  [1895  CC]. 

9.407 

w 

Oct. 

.-, 

1  1  50  35 

3 

6 

+  n  36.23 

0   L6.4       23  13  51.78 

+    7   17     9.1 

\\ 

6 

1 1   19  31 

3 

7 

-0     2.56 

.1   11.1       23  13  12.98 

+    7   12   14.5 

0.699 

w 

12 

14  18     1 

4 

8 

+  <>  24.47 

+  u  .11.1       23     '.i    l  1.39 

+  6  42  53  1 

w 

362      L893  B]. 

Nov. 

2 

1.1     1   39 

•1 

ii 

0    1,  01 

•  1     9.8         1    19    19  77       •    s  52    1 1  s 

- 

w 

1 

l.i  56   13 

6 

;i 

ii  30  53 

-0  47.'.i 

1    is     6.92      +   8  •' 

- 

\Y 

6 

14    IS    11 

6 

6 

-2     3.27 

3     L.2 

1  16  34.19           -      ■    53.7 

0.681 

w 

(198)   Ampella. 

Nov. 

6 

L6   17  27 

7 

6 

ii  55.97 

-1       17 

3     .1     0  19 

+29  26  M2 

"27  7 

w 

8 

1.1   in    l.i 

8 

7 

+0  32.38 

+  2    13.7 

3     3     2  82 

+  29     - 

n9.149 

u 

'.i 

13  31   24 

8 

7 

-0  22.13 

-.1  56  l 

3     2     8.32 

+28  59  33  7 

u  171 

w 

29 

12  18  34 

9 

7 

-1   47.13 

+  1     8.7 

2   Ii  32  is     +25  31  39.3 

w 

Euphrosyne. 

Nov. 

1 

18     '■•    15 

in 

6 

—2  49  50 

13.8 

2    II   20  7s      •  27   11     ::.l 

- 

r 

6 

1.1  37  27 

11 

6 

+  1    L5.86 

+  .1  29.7 

2   11   50.94      •  27  22  2;:.:; 

0.351 

7 

1.1     0     7 

12 

6 

-0  46.27 

-4     1.9 

2   10  34.52      ; -27  28     0  5 

r 

8 

i:;  35  34 

13 

6 

+  0  41.10 

2   1 7  6 

2  39  19.94 

n  164 

in 

13  28     l 

11 

8 

+  U  .IS. .17 

+6  51.3 

2  36   11.94 

i     2  2 

21 

12  11   23 

1.1 

7 

_0  : 

-4    12.5 

2  22   16.55 

0  169 

24 

14     4  34 

16 

7 

+  0  17.76 

-4      - 

2  19  L0.84 

+  28  43  29.7 

0.310 

r 

L60 
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Min  n   Places  for  1899.0  of  Comparison- Stars. 

Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app,  place 

Authoi  ii  >■ 

1 

b      m      ■ 

1  1  30  32.89 

1-3*07 

+23  57  34*6 

5.3 

Becker.  Berlin  A.. G.  Catalogue  5105 

•_< 

1  1  22   Hi. '.il 

+3.03 

+23  10     1.3 

-  5.6 

«     '       ••        ■■                     5082 

3 

23  13  11.10 

l  1.45 

+   7  16  .-..VI' 

+  30.3 

Brans  &  Peter,  Leipzig  A..  G.  Catalogue 

l  1596 

1 

1'.",     9  L5.49 

\  1.43 

+  6   M   28.0 

+30.6 

It                      U               ll                      It 

11. "1 

5 

1  20  31.96 

I  L82 

+  8  51     6.3 

+  2S.7 

It                        it                      ft               li                     ii 

522 

6 

1   18  32.62 

+4.83 

+  8  50  26.2 

+  28.6 

.i                  a                ..           a                a 

508 

7 

3     5  50.71 

+5.75 

+29  26  59.6 

+  20.3 

Graham,  Cambridge,  E    LG   Cata  1598 

8 

3     2  24.68 

+  5.76 

+29    5     9.0 

+21.0 

"                 »                 "            « 

1 581 ' 

'.i 

2  47   13.65 

+5.66 

+25  30     6.6 

1  24.0 

"                 "                 "            " 

1  193 

Hi 

2  47     1.71 

+  5.57 

+  27     6  57.0 

+22.3 

a                        a 

1  192 

11 

•_'    Id  29.49 

+5.59 

+  27   ID  30.4 

+  23.2 

a                        ti                        it                 ii 

1  139 

12 

2    11    15.18 

+5.61 

+  'J7  31   39.1 

+23.3 

ii                        ..                         ii                 ii 

1  146 

13 

2  38  33.22 

+5.62 

+  27  35  14.8 

+  23.7 

"                         ••                         " 

l  125 

1  1 

'      2  35  37.75 

+  5.62 

+  27  36    16.6 

+  24.3 

it                         tt                         ..                  it 

1  111 

15 

2  23  19.27 

+5.66 

+  2S  36  58.1 

+  2(1..-, 

it                        it 

1337 

Id 

2   is  47.44 

f  5.6  l 

+28   17   11.1 

+  27.3 

ti                        ..                         a                 it 

1292 

Observations  of  Comet  ^  and  (407)  were  made  with   a  square-bar  occulting  micrometer, 
with  the  filar  micrometer. 
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OBSERVATIONS   OF   VARIABLE   STARS,  — No.  8, 

By  WM.  E.  SPERRA. 


103.     T  Andromedae. 

Fourteen  observations  of  this  star,  between  1899  June  27 
and  August  26,  give  as  the  date  of  maximum  1899  July 
28.5,  at  8".S.  The  star  was  of  8". 7  at  beginning,  and  9M.0 
at  ending  of  observations.  The  decline  in  brightness  was 
quite  rapid  for  a  week  after  maximum. 

2815.  U  Geminorum. 
These  observations  are  the  results  of  my  continued  watch 
of  this  star,  the  last  of  the  series  having  been  published  in 
A.J.  399.  The  magnitudes  conform  to  those  of  the  DM. 
For  obvious  reasons  no  attempt  is  made  to  give  the  date  of 
maximum. 


1897  March  5.59 
6.52 


9.2 

8.8 


1897   March     7.60 
10.52 


1897  Nov. 
189S  Feb. 


18! 
3.97 


August  17.88         9M.6 

9.8     |     1897  Nov.     27.H7 
1898  Feb 


9.7 
9.2 


10.61 
13.37 


9.3 
9.6 


9.9 


9.3 
9.6 


1899  February  27.52         9M.6 


1899  May     4.58 
8.58 


\sw  Dec. 


30.54 

31.59 


11. 5> 

ll.o> 

n"o> 

9.3 


1899  May       6.58         9. 


1900  Jan. 


1.51 

3.61 


9.4< 
10.2 


3407.     S  Antliae. 
1899  Dec.  19;  nine  observations  from  19h  41"1  to  23"  3Sn 
yield  as  the  time  of  minimum  21h  27'"  Gr.  M.T. 


77'.(2.     SS  Cygni. 

The  following  are  my  observations  of  this  star  foi 
season  of  1899.  As  in  the  case  of  U Geminorum  the  vari- 
ation of  this  star  is  so  rapid,  and  the  weather  so  uncertain, 
that  it  is  nearly  impossible  to  get  a  single  set  of  observations 
that  will  give  a  good  date  of  maximum,  and  it  becomes 
necessary  to  combine  the  results  of  several  observers,  and 
fortius  reason  I  give  my  individual  observations. 

For  the  identification   of   the   comparison-stars    used   I 
give  the  coordinates  from    the   variable,   the    position    of 


which  for  1900  is      1J.A21 
2.1 


Decl.  +4:;°  7' 35". 


-30.7 
+  19.5 

+  10  ± 
+  48  + 
-29.3 


+  6.4 
+13.7 
-13.5 
+13  ± 


11.42 
11.06 
10.62 

10.2.-. 
9.99 


-21.3 
+  0.3 
+60 

+  27.0 


-  1.0 

+  8.0 

+  28 

-  0.2 


9.54 
9.30 
8.90 
8.49 

s.is 


1S99  Apr.  19  to  June  30,  11  observations  at  normal  light. 


1899  June  30.60 
July  1.60 
1 .82 
2.60 
3.60 
4.75 


11.26 
10.64 
9.82 

say.; 
8.36 
8.38 


1899  July    6.62 

8.59 

9.63 

10.63 

12.59 


S.72 
s.7.s 
9.00 
9.81 
10.52 


1899  August  6  to  August  18,  six  observations  at  normal 
light. 


1899  Aug.  22.55 
26.34 
27.86 
28.56 
29.56 


8.57 
8.38 

8.57 
8.38 

s.;;s 


1899  Aug.  30.62 

Sept.    2.57 

6.54 

7.55 

9.59 


S.45 

8.69 

9.73 

10.40 

10.84 


N°  47G 


T  II  E     A  ST  RONOM  ICA  L     .1"  D  R  N  A  I.. 


161 


1899  Oct.  29.54 

8M73 

1899  Nov. 

1.52 

9  > 

!    1 

6.58 

norma! 

1899   Dec   21  ;    six  ol                     from   12    5 

1899  Dec.    1.55 

8.78 

1 899  Dec. 

6.58 

10.34 

as  the  time  of  minimum                       Ml 

1899  Dee.  30.55 

11.00> 

1900  Jan. 

1.53 

8.38 

1'. Jan.    1.48 

s.7S 

6.48 

8.50 

Handolpk,  Ohio,  1900  Januai  •■■  15 

3.56 

8.63 

7.58 

8.60 

OBSERVATIONS   OF  TEMPEL'S  SECOND   COMET:     c  1899, 

MADE     \ i   OHAMBERLIN   OBSERVATORY,   UNIVERSITY     PABK,   COLO., 

I!v  HERBERT    \.   HOWE. 
The  following  observations  were  made  with  the  twenty-     The  Logarithms  oi  the  parallax  I 
inch  telescope,  equipped  with  a  magnifying  power  of  200      Miss  Elis  On  A        7 

on  the  Bruce  filar-micrometer.     The  reductions  of  the  stars     of   mag.  9.     [n  November  me;  ;ifticu] 

to  apparent  place  were  made  by  Miss  Mabel  I..  Daniels,      of  the  comet's  fainti 


1899  Univer.  Park  M.T. 

* 

v. 
( 'omp. 

* 

/S 

-  apparent 

a                         S 

turn 

Aug.     7 

h        in        s 

13     5   17 

1 

21 '  .  8 

+  ()"■_■ 

•     9  :::.:: 

21*    1    - 

27  54     6.6 

9.192 

13  18  4:; 

2 

20,6 

-4  48.19 

+   5   15.6 

21      1   26.03 

-27  54  21.ii 

9.262 

8 

12  16    18 

3 

20  .  8 

_0    17.1.-. 

+  9     1.8 

21     2  35.73 

,1    35.5 

12  29   13 

1 

18  ,  6 

-3  46.66 

-  3     7.2 

21     2  36.33 

28  21    19.2 

10 

12  37  45 

.") 

19  .  6 

+  1   17.7H 

-  3  25.1 

21     5     2.46 

29  16  50.9 

0.909 

12  47     9 

6 

20  .  8 

+  n  29.88 

23  16.9 

21     5     2.95 

29  17     1.1 

9.130 

17 

12   10     5 

7 

20  ,  6 

+  3  34.96 

+  lo  15  : 

21    13    12.04 

32     3  28  0 

0.918 

12  22     7 

8 

20  .  6 

-4  58.23 

-  9  1  1.1 

21    13    13  1  l 

3  37.2 

9.097 

0.916 

24 

11    22  35 

9 

20  .  6 

-5  47.77 

+   7   18.5 

21   22    10.68 

-34     7  34.9 

8.495 

0.926 

11  47  58 

10 

20  .  6 

+  5  54.40 

-   2  12.7 

21   22  41.76 

:;i     7  48.0 

25 

11      1  29 

11 

20  .  6 

2  14.78 

+   1    24.5 

21   23 

34   21   37.2 

11  18  58 

12 

20  .  6 

+  3     7. SI 

1    16.9 

21   23  59  1" 

:.|  21    16.6 

26 

11  22  23 

13 

20  .  6 

1    16.57 

+  11    19.6 

21    25   17.94 

34  3i      • 

11   :;i  55 

1  1 

20  .  6 

-  ::  53.37 

+  lo  58.4 

21   25   18.90 

34  35  12.1 

0.925 

Sept.     1 

11    17  42 

15 

-ii  .  6 

+  2     9.06 

+   6     4.2 

21   37  26  22 

-35  •""<;  13.1 

11  29  31 

16 

+  u   13.62 

+  7,  55.4 

21   37  26  89 

56   I  II 

9.071 

5 

11    20     7 

17 

16  .  8 

+  o  in  13 

+   3     8  9 

21   38    19.24 

!     5  3 

11    36   18 

18 

20  .  6 

-    2  53.07 

+  3  58  8 

21   38  50  18 

36     1    10.4 

9.1  16 

9 

11   25  52 

19 

15  .  6 

+  2  11.79 

+    .".     8.5 

21    II   25.03 

36  13     0.0 

•.'.1  17 

ii  4:;  12 

20 

20  .  6 

3   13.41 

+   .-i     6.9 

21    II  25.90 

:     1.1 

25 

10  38    16 

21 

20  .  6 

2  1  l 

+    7    19.6 

22     7 

0.92  1 

in    is  55 

22 

20  .  6 

-3    13.47 

3 

22    ; 

18  31.1 

9.161 

26 

in  39  .".1 

23 

20  .  6 

+  1     3.67 

+   4  32.3 

22     'i     7.30 

35  10   11 .7 

9.111 

10  52     6 

21 

20  .  •'. 

:,  50.76 

9 

22      • 

-35  : 

28 

in  19  53 

25 

19  .  ii 

-4     7.11 

+    7  31.1 

._,._,   ,._.     -, ,,: 

34  5 

10  39   10 

26 

20  .  ii 

_4   12.99 

+   .-.    15.5 

22   12     6.29 

:    IS  9 

9. 1 1 1 

30 

in  15  33 

27 

20  .  6 

+  :;  54.57 

3     9.2 

22    15      1  85 

34 

in  30   13 

28 

20  .  6 

•  3    18.04 

+    7  23.3 

22  1 5     5  1 8 

15  20.5 

Oct.      4 

9    16  30 

29 

20  .  r. 

+  2     8.29 

_   7    15.3 

22  -i      i  65 

5 1    1 2  2 

9  56  38 

30 

19  .  6 

+  0  59.00 

-    1    24.0 

22  21       1.79 

5  I     7  5 

c 

in     ii     n 

29 

20  .  6 

19.25 

1    3  32.7 

22  22 

12  54  I 

- 

in  12  55 

30 

20  .  ii 

+  2  30.30 

+   9  56.8 

22  22  36.07 

12    16.9 

6 

V  55  30 

31 

20  .  r. 

_5   14.81 

_  7.   19.4 

22  -  i     6.8  1 

::;;  31   27.1 

in  23  54 

32 

20  .  ii 

+  7   15.45 

-  7     8.6 

22  24     8.07 

33  .".1     9.0 

9.164 

Nov.       1 

s    ll   25 

33 

20  .  ii 

:;  32.78 

o     .  - 

23     1     2.53 

17    12  7 

8  55   1 1 

34 

20  .  r. 

-1  48.92 

■    8  20.0 

23     1     3.51 

■J  7    17    35  1 

•  1 

8  26  51 

35 

20  .  ii 

-2   i 

.     3.0 

23 

-27      1    10  1 

- 

s  :;7  .-.r. 

36 

in  .  0 

2  35.05 

23     5 

i 

8    1 1  59 

36 

ii  .  6 

:    14.3 

27      1    21.5 

0 

8  23  25 

37 

1    57.61 

+  5  31.3 

23   l  I 

• 

8  43  49 

38 

17  ,  6 

13.61 

10     7  8 

23  11    19.01 

55   ll  l 

- 
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Mean 

Places  for  1899.0  of  C 

tmparisonr  Stars. 

Red,  to 

~                         Red.  ic. 

* 

a 

app.  place 

8 

app.  place 

Authorit ) 

1 

21     0 

1   ['.94 

-28     l     3  I 

Argentine  General  Catalogue  28937 

2 

21     6     9.29 

+  i. '.c; 

28     0  26.6 

+  20.0 

«              ..              »          29061 

3 

21     3   17.93 

+  1.95 

-28  30  57.0 

!:>., 

29001 

1 

21     6  18.05 

1  1.94 

-28  L9     2.0 

|  20.0 

«          29068 

5 

21     3  39  78 

1  1.98 

29  13   15.3 

1  L9.5 

«          29008 

6 

21      1   28.1  1 

1  1.96 

28  54     3.8 

+  19.6 

29030 

7 

21    L0     1.95 

1-5.13 

32   11     3.4 

+  19.7 

"              ••               ••          29164 

8 

2]    is  36.27 

+  5.10 

-:;i  .-.i   13.7 

+20.6 

9 

'.'1   28  23.26 

+  5.19 

-34   15   1  1.0 

•  20  6 

29524 

in 

21  16  12.16 

+5.20 

34     5  54.7 

+  19.4 

29293 

11 

21   26     8.15 

+  5.19 

-34  23  21.9 

+  20.2 

«               •■               «          29490 

\- 

21    20    16.06 

+  5.20 

-;;4  20  19.4 

+  111.7 

"          29376 

13 

21   26  29.30 

+5.21 

34    17    18.4 

1-20.1 

«              «              ..          29492 

1  1 

21,29     7.M7 

+  5.20 

-34    16  30.9 

+20.4 

«              «              •■          29539 

15 

21   35  11.90 

+5.26 

16     2  37.1 

+  19.8 

«              •■              •■          29664 

n; 

21   36  38.02 

I-5.25 

36     'J  29.8 

i  20.0 

"              •■               «          29698 

17 

21   38  33.57 

+5.24 

-36     1  34.2 

+20.0 

«              •'              ■•          29733 

is 

21    11   38.01 

•  5  2  I 

-36     5  29.4 

+20.2 

«              ••              ■•          29791 

19 

•Jl    12     8.03 

1-5.21 

-36   18  28.2 

+  19.7 

«              ••               «          29806 

I'd 

21   47  34.10 

+5.21 

-36  18  28.2 

1-  21 1  2 

«              «              ••          29928 

21 

22     5  30.86 

+  5.08 

35  26  11'. :' 

+  20.0 

»              «              «         30321 

22 

22   1  1    17.:;:; 

+  5.08 

-35  15    I7.s 

+20.5 

«              ■•               •■          30421 

23 

22     7  58.57 

+5.06 

-:;.-.  15  34.2 

+20.2 

Argentine  Zone  Catal.  XXII.      196 

24 

22  1  1  54.40 

+  5.05 

-35     1   22.5 

+20.-7 

Argentine  General  Catalogue  30497 

25 

22   16     7.U 

+5.04 

-35     1   47.1 

+20.5 

30514 

26 

22   16   14.24 

+  .-..0  4 

-34  59  55.0 

+  20.6 

«              «              »         30516 

•J  7 

22  1 1      "..'-'7 

+5.01 

-34  32  36.4 

+19.9 

«              «              "          30410 

28    , 

22  11    12.12 

+  5.02 

-34  43     3.7 

+  19.9 

«               "               «          30418 

29 

22  18  51.43 

(  +4.9:; 
\  +4.91 

-33  46   16.9 

(  +20.0 
}  +19.8 

»              «              »          30575 

30 

22  20     0.86 

<  +4.93 

j    +4.111 

—33  53     3.6 

)  +20.1 
"1  +19.9 

"               «               "          3059G 

31 

22  29  16.76 

+  1.89 

-33  26  28.3 

+20.6 

«               "               «          30783 

32 

22   16  47.74 

+  1.88 

-33  24  20.1 

+  19.7 

«             «         3(>r.:;:; 

33 

23     7  30.81 

+  4.50 

-27   17  57.8 

+  20.9 

<•             "             »         31493 

:;i 

23     5    17.93 

+  4.. ".(I 

-27  26   16.2 

+20.8 

31  168 

35 

23     7    19.75 

+  4.4S 

—  26  56  57.9 

+  20.8 

"               "               "          31503 

36 

23     8     6.24 

+  4.49 

-27     5  26.6 

+  20.8 

31507 

37 

23  13  40.97 

+4.45 

-26     1  47.6 

+  21.0 

u              tt              u          31599 

38 

23     9  30.96 

+  4.11 

-25  45  54.5 

t  L'o.'.i 

»              "              "          31529 

RESULTS    FOR    LATITUDE    AXD   ABEHRATIOX    OF   OBSERVATIONS   AT    THE 

FLOAVER    OBSERVATORY.  1898-99, 

By  C.  L.  DOOIJTTLE. 
I  have  jusl   derived   the  results  ol    m\  latitude-work  up  9    ^  No.  Obs. 

to  the  end  of  September,  1899,  and  herewith  inclose  them. 
They  are  not  unite  homogeneous  with  those  already  pub- 
lished for  the  years  1896  98,  since  they  depend  on  Steuve's 
aberration-constant, 

A    preliminary    reduction    gives    for    this    constant    the 
value, 

Aberral  ion-eonstant,  ;iO".56. 


agreeing  well  with  that  given  by  the  earlier  series,  namely, 
20".5S. 


1898  Sept.    6  -  Sept.  16         39  58  2.371'  57 

Sept.  17  -  Sept.  27  2.252  48 

Flower  Observatory,    Upper  Darby,   Penn.,  1900  Jan.  4. 


1898  I  let. 
Oct. 
Nov. 
Dec. 

1899  Jan. 
Feb. 


Feb. 
Mar. 

May 
May 


21- 

16- 

9- 

26- 


Jime  10  - 
July  2- 
July  30- 
Sept.  13- 


Oct. 

Nov. 
]S'ov. 
Jan. 
Feb. 
Feb. 
.Mar. 
Apr. 
May 
June 
July 
July 
Aug. 
Sept. 


58  2.221 
2.167 
2.165 
2.033 
2.001 
1.965 
1.928 
1.997 
2.070 
2.065 
2.136 
2.160 
2.265 
2.211 


1851 
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SUNSPOT   OBSERVATIONS, 

MADE    AT    llHUWYN,    |-K\\.,    WITH    A     14-IN'H     KEFBAI    roi 

liv   A.   \V.  QUIMBY. 


1899 

Tiinu 

V.  :■. 

Total 

lit:   vet. 

: 

Total       Fai         ],, 

Total 

Grs. 

Spots 

- 

July     1 

5 

1 

2 

22 

i 

fair 

Aug.  2:1 

10 

-     fair 

8 

1 

2 

2 

8 

- 

2 

1  1 

i 

fair 

30 

1 

_ 

1     poor 

28 

1 

2 

. 

: 

3 

3 

1 

2 

22 

i 

fair 

31 

L0 

-           1 i- 

- 

- 

1 

1 

■ 

4 

4 

1 

3 

29 

2 

v.good 

- 

1 

-      1 

1               fair 

:: 

8 

5 

6 

- 

2 

9 

1 

'> 

10 

_     _    poor 

4 

8 

6 

11 

- 

1 

2      1      i r 

8     -     - 

_     fair 

5 

8 

7 

7 

_ 

9 

.-,      2 

fair 

■  l 

7 

-     _     fair 

6 

8 

8 

4 

_ 

1 

■• 

1 

*5 

8 

7 

8 

'.i 

4 

1 

2 

11' 

2 

fail- 

••■■ 

7 

_ 

faii- 

- 

- 

fair 

10 

7 

_ 

•  » 

12 

2 

fair 

•: 

7 

taii- 

9 

- 

-     - 

11 

8 

_ 

2 

19 

2 

*8 

7 

_ 

faii- 

in 

8 

12 

7 

_ 

2 

10 

_ 

fair 

*9 

8 

_ 

_ 

fair 

11 

11 

1 

2 

13 

7 

_ 

1 

2 

_ 

1 r 

no 

7 

fail- 

12 

8 

1 

1 

14 

8 

1 

2 

7 

1 

f  ai  r 

■1 1 

1 

- 

poor 

l;; 

:; 

0 

1 

fan- 

15 

7 

- 

2 

■'< 

1 

poor 

Ml' 

7 

- 

- 

14 

- 

2 

16 

8 

_ 

1 

1 

1 

■l:; 

7 

- 

- 

fail- 

17. 

B 

5 

17 

S 

_ 

_ 

_ 

_ 

poor 

14 

9 

_ 

fair 

16 

2 

fair 

18 

s 

_ 

_ 

_ 

_ 

faii- 

1.-. 

8 

- 

_ 

_ 

_ 

18 

in 

1 

19 

8 

_ 

1 

fair 

L6 

8 

_ 

_ 

_' 

_ 

faii- 

1'.' 

2 

1 

1      fair 

20 

8 

_ 

_ 

_ 

1 

fail- 

17 

s 

_ 

_ 

_ 

_ 

fair 

20 

s 

- 

1 

2     fair 

21 

8 

_ 

_ 

1 

fair 

L8 

9 

1 

1 

2 

1 

21 

8 

- 

- 

1     fair 

22 

s 

_ 

_ 

_ 

1 

taii- 

L9 

8 

1 

2 

1 

good 

22 

8 

- 

' 

23 

1 

_ 

_ 

_ 

1 

poor 

20 

5 

1 

2 

1 

:: 

good 

24 

'.' 

1 

1 

-     fair 

24 

8 

_ 

_ 

_ 

1 

fail- 

21 

8 

(i 

0 

2 

25 

3 

:: 

-     fair 

25 

11 

_ 

_ 

_ 

- 

poor 

22 

10 

- 

- 

1 

faii- 

26 

9 

1 

-     fair 

26 

10 

1 

1 

8 

1 

faii- 

23 

8 

- 

- 

_ 

1 

fair 

27 

8 

- 

27 

7 

_ 

1 

4 

1 

poor 

2 1 

'.1 

_ 

_ 

_ 

1 

faii- 

28 

10 

1 

1 

. 

28 

7 

_ 

1 

2 

1 

25 

- 

- 

- 

poor 

i".' 

9 

1 

2 

29 

8 

_ 

_ 

1     fair 

26 

in 

1 

is 

faii- 

30 

9 

1 

-     fair 

30 

4 

2 

4 

2 

faii- 

27 

8 

_ 

22 

fair 

Dec.      1 

10 

31 

S 

_ 

_ 

- 

3 

good 

28 

- 

L6 

- 

faii- 

•_> 

11 

1 

' 

Aug.     1 

s 

1 

1 

1 

■■ 

good 

2'.' 

'.) 

- 

1'.. 

1 

fair 

•■: 

- 

1 

2 

s 

_ 

1 

1 

i 

faii- 

.-.i. 

7 

•"■ 

1 

faii- 

1 

10 

1 

1 

• 

3 

8 

_ 

_ 

l 

fair 

Oct.      1 

- 

2 

■■ 

fair 

."> 

8 

0 

4 

7 

_ 

_ 

_ 

_ 

faii- 

2 

8 

_ 

1 

faii- 

«; 

11 

7 

5 

_ 

_ 

_ 

l 

taii- 

3 

- 

- 

- 

fair 

7 

7 

- 

6 

8 

fair 

1 

8 

fair 

- 

•  > 

1 

I 

1 

7 

s 

_ 

j r 

."> 

8 

- 

faii- 

•.' 

2 

' 

8 

s 

_ 

- 

l 

faii- 

6 

2 

in 

1 

1 

9 

8 

_ 

_ 

fair 

7 

1 

- 

fair 

11 

- 

10 

:; 

_ 

faii- 

8 

8 

faii- 

11' 

2 

- 

11 

li 

_ 

9 

1 

1 

1 

:'• 

1 

1.-. 

8 

- 

7 

- 

12 

i 

fair 

1" 

- 

- 

1 

•• 

•  ■ 

14 

9 

1 

U 

1 

13 

8 

_ 

l 

11 

I 

1 

1 

1 

17. 

.". 

in 

14 

■-V 

- 

1 r 

11' 

V 

1 

1 

fa  i  r 

16 

12 

*15 

8 

_ 

_ 

I.". 

8 

fail- 

17 

2 

3 

1      | 

*16 

s 

_ 

poor 

1  1 

8 

- 

17 

8 

_ 

_ 

fa  i  r 

17. 

•.1 

1-.' 

- 

1 

*18 

7 

- 

1 f 

16 

11 

9 

1 

' 

l'.i 

11 

_ 

- 

_ 

17 

1 

21 

s 

• 

20 

3 

_ 

_ 

_ 

_ 

faii- 

IS 

9 

- 

21 

8 

_ 

_ 

_ 

fair 

1'.' 

- 

I'l 

1 

' 

22 

N 

_ 

_ 

faii- 

20 

- 

- 

10 

- 

23 

s 

_ 

_ 

_ 

fair 

21 

8 

26 

9 

24 

S 

_ 

_ 

_ 

22 

- 

- 

•  '- 

9 

25 

s 

_ 

fair 

2.". 

8 

1 

1 

4 

1 

28 

3 

- 

1 

26 

9 

_ 

_ 

l 

poor 

21 

11 

1 

16 

1 

i".' 

In 

1 

27 

4 

1 

1 

1 

l 

fail 

25 

9 

23 

1 

30 

9 

1 

1 

28 

9 

1 

1 

1 

2 

fair 

26 

- 

l 

2 

44 

' 

fair 

31 

1 

1 

•Made  with  -Ji -iin-li  refractor. 
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LATITUDE-OBSERVATIONS    MADE    AT    THE    [MPERIAL    A.STRONOMICAL 

OBSERVATORY    AT    KASAN, 


55     17'  + 


r.\    M.    \    GRATCHi  »F,  Obsebver  of    mi    Observatory, 
[Communicated  bj   Prof.  l>.   Dubiaqo,   Directoi 
Seeies   V.  i1! 


1898  Sepl 

12 

23.13 

15 

L3 

23.18 

8 

20 

22.85 

3 

25 

23.18 

15 

30 

23.31 

3 

Ocl 

2 

23.18 

8 

9 

17 

10  - 

23.13 

9 

17 

23.36 

17 

Nov. 

5 

23.23 

8 

9 

23.32 

17 

1  1 

23.44 

Id 

22 

23.46 

16 

23 

23.51 

i 

Dec. 

7 

23.32 

12 

Id 

23.32 

18 

18 

23.46 

4 

19 

23.48 

10 

21 

23.32 

8 

2  1 

23. 19 

1) 

29 

23.41 

7 

1899  Jan. 

•■>- 

23.38 

17 

29 

23.39 

8 

30 

23.54 

6 

31 

22.81 

1 

Feb. 

5 

23.45 

20 

(i 

23.32 

11 

1S98  Sept.  18 
Oct.  11 
Nov.  15 
Dec.  If. 

1899  Jan.  28 

Feb.   12 


1898.72 
.77 
.87 
.96 

1899.08 
.12 


1899  Feb. 


.Mar. 


35°  47'+ 
23  J  19 


23.390 
23.384 


23.395 

2.'i.442 


Apr. 


11 
15 
17 
25 
3 
I 

6 
8 


29 

4 


10 

11 

13 
20 
30 

May  9 
14 
IS 
22 
25 
26 

June  ."> 
6 


55     47'  + 


23.47 
23.70 
23.35 
23.25 
23.40 
23.24 
23.39 
23.68 
23.49 
23.48 
23.43 
23.38 
23.32 
23.23 
23.20 
23.32 
23.33 
23.31 
23.21 
23.11 
23.31 
23.22 
23.39 
23.31 
23.08 
21J.SH 


8 
16 
16 
16 
10 
16 
16 

10 


15 

14 
15 
15 
9 
15 
23 
13 
11 

13 

15 
15 


Monthly  Means. 


Date 

9 

Pain 

55     17'+ 

1899  July 

1 

23.1  1 

3 

3 

22.96 

19 

5 

23.1  1 

L9 

12 

23.13 

r.i 

13 

23.19 

18 

1  1 

22.89 

10 

18 

22.88 

17 

20 

23.02 

17 

Aug. 

5 

23.1  l 

4 

11 

22.78 

15 

IS 

.»•<  no 

2 

19 

22  92 

15 

L'(i 

23.01 

L0 

■  >•< 

22.77. 

6 

23 

22.93 

15 

24 

23.04 

15 

Sept 

3 

23.24 

1 

4 

l':;.  ii 

8 

12 

23.1  1 

15 

13 

22.88 

14 

1(5 

22.83 

1 

90 

22.98 

15 

23 

22.90 

1 

25 

22.91 

15 

20 

23.01 

15 

30 

2:;. (i4 

22 

Oct. 

2 

22  98 

17 

3 

2.-;.ii3 

17 

4 

23.02 

17 

44 
51 
58 
68 


IK) 


55°  47'+ 

1399  Mar.  13 

1899.20 

23.402 

77 

Apr.    15 

.29 

23.300 

108 

May  21 

.39 

23.236 

7(1 

July   12 

.53 

23.040 

122 

Aug.  19 

.63 

22  '.(27 

82 

Sept,  20 

.72 

23.006 

K(7 

Oct.     3 

.76 

23.010 

51 

(^Continued  from  Series  IV.  A.J.  4.">4. 
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OX  THE    DISTRIBUTION    OF  THE    MEAN  MOTIONS   OF  THE  MINOR   PLANETS, 

Ui   SIMOU    M-U  I  "Ml:. 


It  was.  I  believe,  first  pointed  out   by  Kibkwood, 
the  mean  motions  of  the  minor  planets  are  arranged  in  the 
order  of  magnitude,  gaps  will  lie  found  at  which 

would  have  a  simple  relation  of  commensurability  with  the 
mean  motion  of  Jupiter.  This  fart  was  yet  more  strongly 
brought  out  in  a  report  to  the  Astronomische  Gesellschaft 
in  1885  '  "•■  <  ahrsschrift,  XX.  p.  234  i,  where  the  distri- 
bution is  shown  graphically. 

The  first  inference  from  this  fact  would  be  that  thi 
in  question  are  due  to  or  connected  with  the  large  pertur- 
bations to  which  planets  having  mean  motions  of  the  miss- 
ing values  would  be  subject.  But  mature  considi 
would  show  difficulties  in  the  way  of  accepting  this  expla- 
nation. It  is  doubtful  whether  there  would  be  any  instability 
how  near  so  ever  a  mean  motion  would  approach  to  eom- 
mensurability;  and.  in  any  case,  the  limits  between  which 
the  mean  motions  would  have  to  be  contained  in  order  that 
extraordinary  perturbations  might  arise  are  so  narrow  that, 
in  a  chance  distribution,  p  might  pass 

unnoticed.     It  therefore  becomes  oi   interest  to 
the  fact  as  shown  by  the  larger  u  umber  of  i 
at  command.     This  I  have  done  in  the  following  way. 

The  mean  motions  of  the  minor  plan  I 

found  in  the   Berliner  Jahrbuch   for   1'. were  cl 

according  to  their  amount.      Those  less  than  500",  or  ° 
than  liioii".  were  left  Between  these 

limits  they  were  grouped  by  intervals  of  1(>".     The  count 
was  made  separately  for  the  first  200,  ami  the  second  200. 
The  result  is  shown  in  the  followin 
values  of  the  mean  motion.     The  next  three  column 

imber  "I  planets  whose  mean  motion  lie  between  /< 
aihl,t  +10":  column  (1)  for  (1)  to  (200  .  2),  for  (201)  to 
(  I :   ami  (3),  from  (1)  to  I  100 

The  comparison  of  columns  (1)  and  (2)  shows,  as  we 
should  expect,  a  slight  relative  excess  in  the  smaller  motions 
for  the  second  200  discovered.  Otherwise  the  comparison 
need  not  interest  us  except  as  an  example  oi  chance  devi- 
ations.    What  we  arc  mainly  concerned  with  is  column  (3). 


A  little  study  of  this  shows  that  what  we  have   to  do  with 
is  not  merely  gaps  in  the  series,  but 
accumulation  near  certain  values  of  p  ;  . 
progression  in  the  frequency. 


/* 

(1) 

(->) 

(3) 

.".I  H  1 

o 

(I 

o 

in 

o 
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o 

20 

o 

(1 

II 
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o 

II 

40 

•  > 
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•' 

:,n 

•< 

1 

Co 

1 

3 

A 

70 
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0 

1 

Ml 

II 

(i 

II 

90 

0 

0 

II 

600 

ii 

0 

0 

Ki 

3 

:; 

6 

20 

6 

•'• 

;i 

30 

!> 

to 

19 

w 

11 

16 

"7 

50 

•'• 

.-, 

8 

CO 

'■'• 

7 

10 

7d 

'> 

:; 

5 

SO 

5 

7 

11' 

'.to 

1 

•  > 

3 

Too 

o 

•  • 

•  > 

10 

:; 

5 

- 

•': 

s 

11 

30 

6 

1 

to 

to 

o 

1 

1 

Sum. 

Cl 

80 

141 

1 
'.I 

13 
10 

- 

5 
11 


750 

Co 

70 

80 

90 

800 

10 

L'n 
30 
40 

.,ii 

70 

- 

90 
900 

in 
20 

:;o 
40 
:,ii 

Co 

70 

3 
90 

Sum.      11".' 
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■'• 
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l 

" 

1 

:; 
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- 

I 

- 
1 
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- 

13 
12 
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l^ 
11 

In 

16 

'.i 
10 

11 


1 
'.i 

s 

11 


'.I  I 


The  ti i st  question  which  arise-  is  whether  the  ineqi 
in  column  (3)  can  be  the  result  of  ., 
ma\  he  answered  by  considering  that,  I 

l there  are  354  ji's,  divided  into  10  gn  I    raining 

that  each  fi  was  as  likely  to  tall  in; 

we  may  readily  compute  the  respective  probabilities  that  a 
group  taken  at  random  would  contain   0,1,2,... 
The  following  arc  the  values  of  the  probability p  for  differ- 
ent values  of  n. 
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N"   m 


II 

P 

a 

/' 

a 

/' 

n 

P 

0 

.000 

5 

.064 

Ki 

.118 

15 

017 

1 

.001 

6 

.095 

1! 

.096 

L6 

.009 

•' 

.005 

7 

.12] 

11' 

.11711 

17 

,005 

3 

.016 

8 

.135 

13 

.(117 

is 

.002 

1 

.035 

it 

.134 

1  l 

.01".  1 

19 

.001 

Multiplying  the  values  of  />  by  40  we  shall  have  the 
probable  number  of  groups  containing  0,  1 .  2,  .  . .  ».  .  .  .  //s. 
We  bhus  see  bhal   the  probability  is  very  small  that  any 

one  group  would  itain  l<*ss  than  2  or  more  than  17 //s. 

That  there  should  be  3  groups  each  containing  more  than 
L'i».  and  •">  others  containing  0  or  1  is  out  of  the  question. 
Still  less  could  it  happen  that  these  extreme  cases  should 
lie  grouped  together  as  they  are. 

Returning  to  column  (3)  we  see  that  the  values  of  fi  are 
must  deficient,  near  000",  TOO",  7 45",  and  900".  The  .p  of 
Jupiter  being  299",  the  deficiencies  correspond  to  the  ratios 

2:1;     7:3;     5:2;     3:1 

with  respect  to  Jupiter.  The  coincidence  is  too  close  to 
be  the  result  of  accident,  so  that  there  is  undoubtedly  some 
cause  which  tends  to  prevent  minor  planets  having  mean 
motions  of  these  values. 

On  the  other  hand  there  is  an  equally  well-marked  tend- 
ency  to  cluster  around   two  of   the  intermediate    values, 


namely  near  640"  and  775",  which  cannol   be  attributed  to 
chance. 

It  will  be  Been  bj  the  firsl  table  thai  there  are  no  /<'s 
between  500" and  540".  This  facl  leads  us  to  examine  the 
values  less  than  those  grnuped  in  the  table.  There  are  five 
such,  all  contained  between  the  limits  100"  and  160".  It 
is  noteworthy  that  two  of  them  have  a  ratio  oi  very  nearly 
3:2  to  1  he  p  of  Jupiter.     We  have 

J  J  =  -lis  9 
1  I.".::,  -  1  19.8 
(361  1   -    1  19.9 

The    two  latter  are  osculating   values   which   ma\    di 
from  the  mean  values  by  one  or  more  seconds.     We  con- 
clude that  the  ratio  3:2  to  the   mean   motion  of  Jupiter  is 
not  one  which  the  minor  planets  tend  to  avoid. 

The  gap  Erom  160"  to5 1""  is  so  wide  that  we  might  almost 
regard  those  outside  of  it  as  a  separate  group.  But  it  will 
not  he  sate  to  do  so  til]  we  see  whether  it  may  not  be  filled 
by  subsequent  discoveries. 

T  do  not  see  that  these  inequalities  of  distribution  could 
have  arisen  in  a  group  of  such  bodies  once  uniformly  dis- 
tributed. We  must  therefore  consider  its  origin  as  C08- 
mogonical,  and  belonging  to  a  period  when  the  man 
these  bodies  formed  a  continuum.  Its  explanation  on  this 
hypothesis  I  leave  to  others. 


SMALL   STARS 

By  E.  E. 

In  A.J.420,  Vol.  XVIII,  p. 93,  I  have  given  some  meas- 
ures of  small  stars  near  Sirius.  The  stars  K  ami  /•'  do 
not  belong  to  Si  fins,  and  are  being  left  behind.  Sirius  will 
ultimately  approach  very  close  to  the  star  E,  passing  some 
8"  preceding  it  in  a  little  over  forty  years  hence. 

I  have  measured  these  two  stars  again.  These  are  here 
included  with  the  previous  measures  in  1897. 


NEAR    sinus, 

BARNARD. 

1899.864 


AE 

E 

=  16M 

S97.841 

195.4 

57.69 

98.739 

194.0 

56.80 

99.883 

193.7 

54.70 

A  F 

F  = 

104" 

1S*.»7.841 

3.0 

50.08 

99.845 

4.6 

53.12 

99.864 

.->:;.]  (i 

These  stars  strongly  show  the  motion  of  Sirius.  I  have 
also  measured  two  other  small  stars  nearer  to  Sirius.  They 
are  7/  and  A'. 

All . 


1899.845 
99.883 


281.1 
280.0 


40.2^ 


AK 

22.4 


29.53 


This  star  was  also  referred  to  F,  which  star  it  follows, 

south. 

FK 


1899.864 
99.883 


163.6 
164.6 


20.05 
26.35 


K  is  about  16".  It  lies  almost  exactly  in  the  line  of 
motion  of  Sirius,  and  ought  to  show  in  six  months'  time  if 
it  is  going  with  the  large  star. 

The  star  H  is  about  16".  It  has  not  appeared  stellar  at 
any  time,  and  I  am  under  the  impression  it  must  be  a  very 
small  nebula.  These  objects  are  shown  to  be  real  by  a 
reversal  of  the  telescope  and  change  of  eyepieces. 

The  motion  of  Sirius  seems  to  be  1".313  annually  in  the 
direction  204°.0. 

There  are  quite  a  number  of  small  stars  near  Sirius, 
some  of  which  I  shall  measure  later.     One  of  these,  G,  is 


1S99.169 


249.0 


86. 


Yerkes  Observatory,   Williams  Bay,    Wis.,  1S99  V,  r.  j;:. 
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NOTE   ON    THE   COMPANION    OF    SIBIUS, 

liv  !•:.   E.   BARNARD. 


Tii' 
tionally  sternly,  and  the  companion  of  Sirius  was  observed 
with  tlic  40-inch. 

Following  are  the  measures,  which  were  qu 

tuiv  : 


1899.829 


151.46 
151.17 


1.91 
4.76 


L899.830 


151.31 


Mr.  II.  J.  Zwiers  lias  given  an  orbit  and  ephemeris  ol 
the  companion  in  I  dings  of  the  Koninklijke  Aka- 

demii     Wetenschappen   Te  Amsterdam,   for    1899  Jui 
The  title  of  the  paper  is.  "The  System  of  Sinus  According 
Terl      0  ■-■!.  Williams  B  .  2. 


I 
V.w  ill:-:-.  I 

■ 

L50  .20         4".46 


O-C 


-1  .11 


1     lo   not  think 
out  as  much  as  this.     If  thi  t  the 

:  the  companion  the  ephemi 
too  smallj  and  perhaps  the  angles  a 


OBSERVATIONS   OF  TEMPEL'S   SECOND   COMET  =  c  L899  IV 

MADE    AT   THE    LICK    OBSERVATORY    "I     nil     i   NIVERSIT'S    "I    CALIFORNIA, 

liv  C.   D.   PERRIN1 


1899  Mt.  HamiltonM.T. 

* 

No. 
Comp. 

i 

Ja 

-* 

J8 

b/'s  apparent 
a                         8 

for  a      1     i 

May   11 

14     9 

138 

1 

10  ,8 

4- 1"  4245 

_2  I'.i.i; 

19     1  23.13 

1   13    13.4 

12 

13    If, 

32 

2 

1 

4-2  20.0 

IM  29.6 

13  57 

27 

2 

4 

-1  54.62 

l'.i     3     2.05 

14  16 

13 

.". 

win  .  8 

+  0     8.09 

4-1   40.9 

19     3     3.09 

1    in  25.6 

14 

14    L'l 

40 

1 

dlO 

8 

-0     3  17 

-1   39.5 

l'.i     6  21.40 

1      I   19.5 

/.1. 17.1' 

19 

13  27 

35 

5 

dlO 

8 

-0    ('. l'l 

4-0  31.1 

19  11  25.07 

3    7. 

0.760 

•jii 

14  17 

55 

7 

dlO 

8 

-0     1.15 

-1     7,.l 

19   L6     1.81 

0.762 

June     '■'< 

12    19 

17 

9 

,1   s 

6 

-0    0.69 

4-4  17  1 

19  37    13.77 

3  59    10.3 

0.760 

4 

12  39 

33 

11 

10 

6 

+  1  56.48 

4-2  31.9 

0.760 

9 

1 5     4 

59 

12 

in 

6 

+  1     L.39 

4-2    111' 

10 

13    19 

I 

13 

1n 

6 

4-2  23.67 

-3  33.1 

-•'l'l 

- 

1  1 

14  47 

58 

1  1 

in 

6 

-3    3.32 

-1  35.0 

19  53  50.33 

7,     7  42.9 

0  7  77. 

12 

15 

13  32 

2 

L5 

in 

s 

-1  42.89 

-0  40.2 

l'.i  .v.   in  20 

7,  16   12.6 

- 

0  7  77. 

16 

13   1" 

53 

l.; 

in 

6 

+3  55.54 

4-0  11.2 

lo  56  34.59 

7.  27     2.0 

n.777 

19 

1  1    12 

26 

17 

12 

8 

+  0  46.08 

4-2  28  3 

20     0    17.30 

6     1  15.3 

12 

21 

13     1 

9 

Is 

in 

8 

_1  us; 

_o  35.0 

i'n     3  25.69 

6  28     ."..1 

- 

30 

1 1   59 

.v. 

19 

in 

8 

-4     L.52 

+  1  58.1 

i'n  15  19.25 

o     ::  33.7 

Julv     1 

1  1    7.7 

:,i 

i'n 

12 

- 

+  1  34.53 

4-;;    9.0 

i'n  16   15.42 

'.'  27 

4 

13  21 

7,u 

l'l 

in 

- 

-Hi  55.29 

4-2  50.6 

i'n  i'n  29.78 

in  :;i   1  17. 

s    11    I 

o  SI  I 

12 

7, 

12  28 

17 

22 

dlO 

8 

+  0  30.50 

-1 

i'n  21    12.81 

in  57      • 

3 

12 

5 

11'  50 

11 

23 

dlO 

s 

4-n     7.75 

•    1     lis 

i'n  21    13  55 

in  :.7  56.9 

- 

12 

6 

L2  56 

53 

l'l 

dlO 

8 

-0     9.64 

4-1   58.0 

i'n  22  59.39 

11   23  14.0 

7 

13     9 

11 

25 
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8 

4-2   35.01 

4  3  22. 1 

I'll   l'l    1  1   is 

11     1'.'       17, 

<> 

11'    16 

6 

26 

111 

s 

-1    19.66 

-1    11.7 

20  26   12.07 

12   12  13.8 

11 

13   12 

3 

27 

10 

8 

•  0  29.81 

•   I 

20  29 

l.'.  38 

7.903 

1 

12 

12 

11'  51 

23 

28 

111 

- 

+  1   44.06 

14.2 

in  30 

14     7  35.4 

11' 

13 

L3     9 

7 

29 

1(1 

8 

-1    12.37 

-0  11.6 

8.041 

1  1 

Id   19 

9 

30 

111 

s 

_0  36  15 

-1    13.2 

i'n  32   13.12 

17.      I   ; v.:. 

15 

1  1   in 

26 

31 

10 

B 

4-u   I  lis 

-1   23  1 

29 

12    16 

I'n 

32 

L0 

8 

4-1  27.72 

- 1    15.8 

I'n   7,ii    II  l'.i 

23  l 

3       3 

Sept.  23 

9  56 

is 

33 

rflO 

8 

4-u     5.01 

2 

l'l 

9  54 

54 

34 

in 

8 

■  l  87 

0.5 

l'l'      .-.    in  s| 

26  51.6 

3 

Oct.      2 

in  36 

17 

35 

dlO 

s 

_0  13.58 

- 1     5.0 

22   is   10.32 

.".I   ll    16.1 

9.201 

v,      22 

8   L6 

is 

36 

,/ln 

s 

4- >5 

0  58.9 

23  36  19.73 

21    1 

■ 

D»        i 

7  29 

32 

38 

rflO 

4-o 

4-:;  37.3 

23  .".o  51.49 

1- 
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Mean   l'l  a  us  far  1899.0  <;/'  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  i.. 
app.  place 

Authority 

1 

is'  59  37.69 

'  2.99 

_4   L0  53.2 

-    (Mi 

l:  id    ."."11  +  Cord.  Gen.  Catal.  26133) 

■  < 

19     1  53.67 

t  3.00 

l    12   19.5 

-    II. 1 

\\    Besael  L'7 

3 

19     2  52.00 

+3.00 

I   12     6.3 

—    0.2 

Micrometer-comparison  with  +2 

l 

Mi     6  21.82 

+3.05 

1     2    10.2 

+  0.2 

W.  Bessel  65 

5 

L9   11  22.15 

+3.13 

3  53  11.3 

r    L2 

Micrometer-comparison  with  ^ci> 

6 

19  17   L5.03 

+  :;.il' 

3  54  34.5 

+    1.4 

Bad.,  51  12 

7 

L9  16    2.82 

+3.1  I 

3   l'.i  51.6 

+    1.5 

Micr eter-comparison  with  *s 

8 

l'.i  17     6.94 

I  3  l  l 

:;  49  :;l'.h 

+    1.5 

J  iM,  L9844+W.B.  352) 

9 

l'.i  .",7    ll.iil 

+3.42 

1       1      L'.S 

r    5.1 

Micrometer-comparison  with  *ln 

10 

19  36     1.33 

+3.43 

4     5     li.l 

+    5.0 

W.  Bessel  sol 

11 

19  37   L3.00 

+3.45 

4     5.9 

+    5.2 

s.n\l.      I   1890 

12 

19   15  34.6 

+3.56 

1  31.6 

+    6.S 

sum.      i  to  lo 

13 

19   15  34.6 

+3.59 

1  31.6 

+    7.0 

S.DM.  -   1  lo  lo 

14 

19  56  50.01 

+3.64 

5     6  16.2 

+  s.:; 

W.  Bessel  1374 

15 

l'.i  56  49.43 

+3.66 

5    16    111.9 

+    S.5 

J  (Rad.  5362+Cord.  Gen.  Catal.  274  19) 

it; 

19  7.1'  35.35 

+3.70 

5  27  24.6 

+    S.4 

M,  9532 

17 

19  .V.I  57.47 

+3.75 

6     I  53.-1 

+   9.5 

Schjellerup  7789 

18 

I'd     5     6.77 

+  3.79 

6  L'7  38.4 

+  lo.:; 

Rad.,  5408 

19 

I'll   l'.i  16.78 

+3.99 

9     5  44.4 

+  12.6 

Rad...  5  is  I 

20 

L'n    15     6.87 

+4.02 

9  :;n  4s.:; 

+  1L'.S 

W.  Bessel  300 

21 

20  l'.i  30.40 

+4.09 

In  :;7  ls.s 

+  i:;.7 

M,  24309 

22 

l'n  L'l     8.19 

+  4.12 

lo  56    o.:; 

+  14.0 

Schjellerup  8036 

23 

20  l'l   31.68 

+  4.12 

1 1     2  52.8 

+  14.1 

M,  L'l  170 

24 

20  23     4.88 

+  4.15 

ii  25  26.3 

+  14.:; 

\Y.  Bessel  510 

25 

I'll  L'l   35.29 

+4.18 

11   52  41.3 

+  14.4 

Schjellerup  8042-3 

26 

L'n  L'S  27.51 

+  4.22 

1L'   11    17.3 

+  15.2 

!,(',. nl.  Gen.  Catal.  28180 +Rad.a  5530) 

27 

L'l  I  L'S  36.30 

+4.27 

1:;  44     7.2 

+  15.4 

W.  Hessel  648 

28 

L'(i  L'S  34.23 

+4.29 

14     4     6.7 

+  15.5 

4-  (Cord.  Gen.  Catal.  28183  +  Ead.3  5531) 

29 

L'n  ;;l'  45.2 

+  4.30 

14  37.9 

+  16.0 

S.DM.   -1  1°5805 

30 

20  33  15.25 

+  4.32 

15    :;    9.4 

+  16.1 

Mj 25356 

31 

L'n  ::.",  14.9 

+  4.35 

15  38.4 

+  16.2 

SUM.  15°5738 

32 

L'n   l'.i  11.76 

+  4.71 

L':;  14     6.1 

+  18.6 

A.O.  16177 

33 

L'L'     4  30.7 

+  5.09 

35  30.4 

+  20.1 

Cord.  DM  -  35°15185 

.".4 

L'L'     5  30.89 

+  5.08 

35  26  IL'.L' 

+  20.1 

Cord.  Gen.  Catal.  30321 

35 

L'L  is  18.93 

+4.97 

34  14     1.3 

+  20.2 

Cord.  Gen.  Catal  30563 

36 

23  36  44.80 

+  4.28 

21  25  13.1 

+21.3 

Micrometer-comparison  with  *."u 

37 

23  33  25.60 

+  4.27 

L'l    25  36.7 

+  21.2 

Cord.  Gen.  Catal.  31972 

38 

L';;  50  37.38 

+  4.18 

18  58     1.7 

+  21.2 

Micrometer-comparison  with  *-'!9 

39 

23  48  33.63 

+  4.17 

-18  55  36.6 

+  21.2 

Cord..  Gen.  Catal.  32245 

In  observations  marked  d,  Ju  was  measured  directly  with  the 
micrometer. 

May  7th,  Comet  is  very  small,  and  hard  to  distinguish  from  a  star. 
Less  nebulous  than  last  night.  Some  haze.  —  11th,  Comet  14f*-15", 
and  has  a  derided  central  condensation.  —  12th,  Comet  brighter  than 
last  night,  13";  15"  diameter  ;  bright  central  condensation.  Wind 
shaking  telescope.  —  19th,  Comet  very  small,  not  over  5"  diameter. 
. Mini. st  st. .liar,  very  little  nebulosity.  14M,  oi  fainter.  Seeing  and 
sky  good. — 20th,  Comet  very  small  and  condensed :  5*  or  0"  diameter  : 
14iM,  brighter  at  the  center. — Ju  ne  3d,  Comet  brighter,  13";  15"  diame- 
ter. Comet  has  a  sharp  condensation,  and  is  almost  stellar  in  ap- 
pearance. Sky  not  very  pure.  —  4th,  Comet,  fully  1'.'",  and  has  a 
very  sharp  nucleus. — 9th,  Comet  much  brighter,  11";  20"-30" 
diameter;  sharp  central  condensation. —  10th,  Comet  is  11M,  and 
has  a  sharp  stellar  nucleus  of  12M.  Comet  fully  }'  in  diameter. — 
14ti  ,  Comet  10iM;  sharp  central  condensation.  Comet  is  about  I' 
in  diameter  and  is  just  visible  in  the  34-inch  finder  of  the  12-inch 
equatorial.  —  15th,  Examined  comet  with  power  of  520;  nucleus 
resembles  a  star  of  12*.  Comet  has  a  fan-shaped  extension  for  \' 
n.  p.  Seeing  4.  —  10th,  Comet  2'  in  diameter.  Nucleus  stellar,  12M. 
— 19th,  Comet  10",  with  a  sharp  stellar  point  of  lHMor  12".  Comet 
IV  or  2' diameter.  Coma  slightly  brighter  on  n.  f.  side. — 21st,  Comet 
10*.  Seeing  poor. — 30th.  Comet  2'  diameter;  9M  ;  nucleus  10M. 
Examined  nucleus  with  powers  of  270  and  520.  and  compared  it  with 
a  star  only  15"  distant.     Nucleus  is  fully  as  sharp  as  the  star,  and 

Lirk  Observatory,   University  of  California,  1900  Jan.  16. 


does  not  differ  from  it  in  appearance,  except  in  color;  the  star  is 
yellow,  while  the  nucleus  of  the  comet  is  bluish  green.  Seeing  4.  — 
July  1,  Short  fan-shaped  tail  n.  p.  —  4th.  Comet  about  9J»;  sharp 
stellar  nucleus  of  10£M.  There  is  a  short  fan-shaped  tail  n.  p.  for  1', 
and  a  faint  nebulosity  surrounding  all.  Seeing  4.  —  5th,  Comet 
easy,  94M.  Stellar  nucleus  of  1 1 ».  Seeing  4.  6th,  Wind  sways  tele- 
scope. Fan-shaped  tail  V  long  n.p.  Nucleus  10fM,  and  just  as  sharp 
as  a  star  with  a  power  of  520.  —  7th,  Nucleus  11",  and  with  a  power  of 
520  does  not  differ  from  a  star  of  same  brightness  in  field  I '  distant. 
Diameter  of  the  nucleus  is  certainly  not  greater  than  }".  Entire 
comet  5' in  diameter.  Outer  nebulosity  very  faint.  —  !Mh.  Comet 
9M;  fan-shaped  tail,  l'longn.  p.,  surrounded  by  nebulosity  filling  the 
270-power  field.  Nucleus  10^M  or  11M.  —  11th,  Comet  9";  nucleus 
11";  stellar. —  12th.  Comet  about  9";  stellar  nucleus  of  10iM.  short 
fan-shaped  tail  n.p.  —13th,  Comet  9";  nucleus  perfectly  stellar,  and 
10M.5.  Short  fan-shaped  appendage  n.p.  nucleus. —14th,  Nucleus 
fully  10J".  —  29th,  Nucleus  10",  and  stellar.  With  a  power  of  520 
the  nucleus  is  still  sharp,  and  differs  in  no  way  from  the  star  images. 
Fan-shaped  extension  1'  in  length  n.p.  nucleus.  ></./.  2::d.  Comet 
12";  V  diameter:  faint  nucleus.  Sky  smoky. — 24th,  Comet  brighter 
than  last  night,  10";  diameter  l'-2';  nucleus  13*.  Sky  smoky.— 
Oct.  2d.  Nucleus  still  visible.  —  Nov.  22d,  Comet  14M:  4'  in  diameter. 
Seeing  2.  —  Dec.  1,  Comet  very  faint;  15".  Verydiffuse.  Diameter 
1'.     Almost  no  condensation. 
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OBSERVATIONS   OF   COMET    L898  X. 

MADE  WITH  THE  12-INCH     rELESCOP]     0 6  LICK  OBSERVATORY  O]     rHE  UNIVERSITY  01     CALIFORNIA, 

By  WILLIAM  .1.   HIISSE1  . 


1898  Mt.  Hamilton  M.T. 

* 

No. 

#- 

-* 

ipparenl 

i  ..in],. 

Aa 

j8 

a 

d 

for  a 

for  5 

Oct.  27 

S     4   44 

1 

8,8 

-<>"' 12.55 

+  2    19.0 

16 

+  41 

0 

21.6 

9.791 

31 

7  12  47 

3 

8  ,8 

-0   12.55 

+  7    1  1.5 

17 

10     2.88 

18 

'.i.7i'7 

0.541 

Nov.    1 
5 

7  28  32 

6  .V.)  28 

1 
5 

s 
s  ,  s 

+  11    13.95 

-6  L6.9 
+  2  29.7 

17 

+  27 

+  1S 

12 
6 

1.7 
18.6 

9.65  t 

0.621 

35     9.23 

6 

7  24  39 

(i 

s  .  8 

+  1  28.96 

+  4  30.3 

17 

38  55.02 

+  16 

I 

30.9 

9.667 

0.656 

7   24   39 

7 

s  .  s 

-()  54.36 

+  1  25.5 

17 

38  55  L5 

+16 

l 

32. 1 

0.656 

7 

7  54  4!) 

8 

8  .  8 

+  o  10.38 

+  6   lo.l 

17 

42   21.51 

+  14 

'.i 

6.3 

9.677 

10 

6  32  39 

'.» 

6  .  8 

+  0     3.09 

-2  32.9 

17 

5ii  39.94 

+   9 

LO 

57  1 

9.616 

0.672 

11 

7     5  10 

11 

8  ,8 

-0  25.90 

+  7  16.3 

17 

53     5.M 

+   7 

38 

6.5 

9.644 

12 

6  38  19 

12 

s  .  s 

-0  42. 82 

-2  42.4 

17 

:,:,  L3.91 

+    6 

13 

12.0 

9.622 

13 

6  50     3 

13 

s  .  s 

+  0  14.49 

-1    12.1 

17 

57   15.05 

+   4 

51 

24.4 

9.633 

0.703 

14 

6  41  53 

15 

8  ,  8 

+  0  12.14 

+  ii   41.1 

17 

59     4.78 

+   3 

34 

18.1 

0.709 

6  54  50 

16 

8  .  s 

-0  13.73 

-2  55. <; 

17 

59    :<.:>:> 

+   3 

:;:; 

H.3 

0.711 

7     3  42 

17 

8,8 

0    12.S1 

+  4    8.9 

17 

59     (i  67 

+  3 

;;:; 

12.1 

9.644 

0.712 

Men  a  Places  for  1S9S.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

S 

Red.  to 
app.  place 

Authorit) 

1 

16h37m46*.92 

+  0.86 

+40 

.-,7  30.8 

1   1  8 

12±".     Connected  with  *2 

2 

16  40  38.01 

+  0.8G 

+  40 

56  58.4 

+  2.1 

1  »eichmuller,  Bonn  A  <i.  Catal.  1069 

3 

17  10  13.96 

+  1.47 

+  29 

11    16.6 

+  4.4 

( rraham,  Cambridge,  1'...  A  I .   ■ 

8084 

4 

17  17  35.70 

+  1.59 

+  27 

18  13.8 

f  1.8 

u 

8158 

5 

17  .".1  53.21 

+  2.07 

+  18 

3   14.1 

+  4.S 

^.uwers,  Berlin  A.G.  <           1  375 

6 

17  37  24.01 

+  2.05 

+  15 

59  50.0 

1  I  6 



7 

17  39    17.46 

+  2.05 

+16 

3     2.0 

r  1.9 

6415 

8 

17  42     9.00 

+2.13 

+  1  1 

2  51.6 

•  1  6 

\\.      e's  Bessel  1  i 

9 

17  50  34.59 

+  2.2(1 

+   9 

1.",  25.9 

+4.4 

12±".     Connected  with  *  10 

10 

17  50  28.94 

+  2.26 

+  9 

16  38.6 

+4.4 

Bruns  and  Peter,  Leipzig    \  1  ■   1 

11 

17  53  29.00 

+  2.31 

+    7 

30  45.9 

+  4.:: 

.. 

12 

17  r,r<  54.38 

+2.35 

+   6 

it;  20.4 

+  4.0 

.. 

13 

17  56  58.20 

+2.36 

+   -1 

52  32.5 

+  4.0 

1o±\     i            bed  with  *14 

14 

17  5  1     2.62 

+2.38 

+    4 

57   19.0 

+3.7 

Ubanj  A.G.  Catal.  6013 

15 

17  :>*  50.51 

+  2.43 

+  3 

:;::  33.1 

1 

6059 

1(5 

IT   59  17.25 

+  2.43 

+  3 

36  33.0 

+3.9 

6064 

17 

17  59   17.05 

+2.43 

+  3 

28  59.3 

+  3.9 

6063 

I  am  indebted  to  Mr.  C ngtos  for  assistance  in  checking  the  reduction  of  these  observations. 

M"t.  Hamilton,  California,  1900  Jan.  20. 


OBSERVATIONS  OF  THE    PLANET    (334) 

M  \  1,1.    \\  i  i  ii    i  ii  i     12-INCH  REFRACTOR  01      1  in     LICK  OBS 

Un    WILLI  \M    J.   Ill  SSI  5 

CHUM,' 

\:\   \  rOBl . 

, 

1899  Mi.  Hamilton  M.T. 

* 

No. 

Planet—  * 

j„         |          J8 

Planet's  Apparent 
S 

for  a 

lug.    3 

4 

24 

25 

31 

S,-|,l.     1 

ll      111     » 
lo  29  32 

9  30  39 
lo   19     8 
|o  20     6 
in     9  39 

9  48  41 

'  1 
2 

3 

1 

5 
5 

8  .  8 

8  .  8 
8  .  8 
8  .  8 

i  0  22.78 

n 
_0  26.30 
+  0    U 
1-0     L.13 
-0  17  11 

n   L8.9 

-5  28  I 

L9.6 

+  o  ! 
1   23.7 

20   15    i-  26 
20   L5   11.44 
21 1     i 

17.67 
20     1   34  13 
20     1    15.89 

is     1 

18  13    15  I 
19 

I'.'     - 

19  51     3.0 
19   '  - 

9.021 

8    - 
0.846 
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\/l,/ll   Places  for  1899.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  i" 
app.  place 

Authority 

1 

20   L5  20.77 

I  ;i 

-18   10   19.8 

+15.6 

13±».     Connected  with  *2 

•• 

20   15   13.45 

+  1.71 

—  18  38  32.6 

+15.6 

Gould,  < ten.  <  .!t;il.  27876 

3 

20      1   34.17 

+  1.70 

-19   10  38.0 

H  1.3 

Slum-,  Radcliffe  < latal.  5 I07 

1 

20     3  26.63 

1  1.69 

-19    12  30.1 

+  1  1.2 

Xavnall  8912 

5 

20     l   28  63 

'  1.67 

-19  51    13.5 

•  13.9 

Weiss's  Argelandei  1 5918 

Ml.  Hamilton,  Cal.,   1900  Jan.  is. 


NOTES   on    CERTAIN    SOUTHERN    SHORT-PERIOD    VARIABLES, 

liv   ALES  \\ni:i:    W.  ROBERTS. 


The  following  notes  deal  only   with  variables    recently 

discos  ered. 

(MM).       II   L681. 
R.A.    -71'  42'"  41  .         Decl.     —41°  4'.0    (1875). 

An  examination  of  this  star  made  al  Lovedale  during 
October  and  November  supports  Lnnes's  discovery  that  the 
star  is  an  JZ^o^variable.  The  period  may  be  either  6.45 
days,  or  L2.90  'lays  with  a  secondary  minimum  midway 
between  two  chief  minima.  The  star  is  stationary  at  the 
minimum  phase  for  some  hours. 

Arg.  Z.C.3227. 
R.A.     7h  44'"  2-        ,         Decl.     —42    ll'.S     (1st:,). 
This  star,  which  has  been  constantly  used  as  a  compari- 
son-star for  W  Puppis}  varies  between  the  limits  7". 8  and 
8M.5. 

A  period  has  not  yet  been  determined,  but  there  is  everj 
indication  that  it  is  short. 

Arg.  (J.C.  1094G.     Z.C.  679. 
R.A.     S1'  8'"  16"        ,        Decl.     —34°  12'.2    (1875). 

This  star  was  marked  variable  on  a  chart,  sent  me  by 
Mr.  I  wis.  with  the  note,  "period  0.41  days." 

1  am  able  to  confirm  the  variation  between  the  limits 
7M.5  and  8M.5,  but  my  observations  are  not  full  enough  to 
j  ield  a  good  period. 

C.P.D.  -54°6634. 
R.A.     15"  32m  42s        ,         Decl.     —54°  54'.4     (1S75). 
Observations  made  at   Lovedale  during   September.  Octo- 
ber and  November,  confirm  the  variation  of  this  star. 


The  elements  of  variation  resulting  from  a  comparison  at 
my  own  with  [nnes's  earlier  observations  are : 

Epoch  :   Max.  1900  January  8.0  G.M.T. 
Period:  L2.70  days 

Min.  to  Max.  I.o  da]  s 

The  amplitudes  of  variation  resulting  from  my  observa- 
tions, 9*.0-10*.4,  an-  slightly  greater  than  those  obtained 
by  Mr.  InneS. 

C.P.D.  1910361. 
R.A.  17''  I'.i"1  32"  .  Decl.  —49°  24'.9  (1875). 
The  announcement  of  this  star's  variation  was  sent  to 
me  early  in  November  by  Mr.  Innes  ;  and  observations 
were  begun  at  once.  Unfortunately  the  star  was  then  too 
low  down  to  allow  of  an  extended  series  of  observations  on 
any  one  evening. 

The  elements  resulting  from  ruy  observations  are  : 

Epoch:  Max.  1900  January  ld  6h  3 G.M.T. 

Period:  7h  28m.O 

Min.  to  Max.  lh  20'" 
Limits:  9».0-10".6 

The  variation  of  this  star  is  exceedingly  remarkable.  Its 
ascending  phase  is,  I  think,  the  most  rapid  known  ;  further, 
at  mimimum  the  light  of  the  star  is  almost  stationary  for 
nearly  four  hours. 

Lovedale,  1899  December  1. 


tup:  double  star  #883, 

Bv  E.  E.  BARNARD. 

The  following  observations  were  made  with  the  40-inch 


1898.665 
.668 
.900 


47.2 
44.(3 
11.1 


0.20 
0.18 


1898.744 


15.3 


0.19 


The  epoch  for  the  distances  would  be  1898.784. 

The  observations  were  very  difficult,  and  the  distance, 
are  uncertain.  They  are  doubtless  too  small.  The  last 
distance  was  a  mere  guess. 


1899.620 

54.5 

0.24 

.829 

56.1 

0.21 

.831 

51 1. 1 

0.23 

,84.-> 

54.9 

0.22 

1899.781 


54.0 


0.22 


These  last  observations  were    made    under    better   con- 
ditions. 

Terkes  Obsermtoi-y,    Williams  Bay,  Wis..  1899  Nov.  10. 
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ON    TWO   VARIABLE    STARS   OF   SHORT    PERIOD, 
(U  VULPECULAJE   AND    SV  CTGNI), 

\\\    PAUL  S.   FENDELL. 


The  announcement  of  the  variability  of  thesi 
with  observations,  elements,  and  mean  light-curves,  were 
published   by  Miller  and   Kkmit  in  A.N.  3483,  and   A.J. 
431-2.     A  confirmation  of  variability,  with  slight  <■ 
tions  to  the  elements  of  variation,  was  published  by  Luizet 
in  A. N.  3570,  and  the  results  of  photomi 
at  Harvard  College  Observatory  in  Circulai   N"o.  41. 

I  began  observations  on  both  stars,   1899  June  30,  and 
followed  them  up   until  the  middle  of    V  lieu  I 

was  compelled,  very  reluctantly  to  give  up  observir 
the  time, and  have  not  yel  resumed  it.     It  is  much  regretted 
that  a  longer  line  of  observations  was  not  seem 

The  stars  are  rather  difficult  of  observation,  and 
to  complications  introduced  by  their  hour  i  ciall] 

V  Vulpeculae,  and  the  agreement  with  the  observations  of 
the  discoverers  in  respect  to  the  limits  of  magnitude  is  nut 
very  close.  The  light-range  found  in  each  ease,  however, 
substantially  agrees  with  theirs. 

U  Vulpeculae. 

My  observations  of  this  star  are  fifty-sis  in  number.  Bj 
the  use  of  the  mean  light-curve  given  by  Mi  ller  and 
Kempf,  and.  in  some  instances,  of  the  single  curves,  1  have 
deduced  from  them  the  dates  of  ten  maxima  and  eleven 
minima,  which  are  given  in  the  subjoined  table.  The 
marked  with  a  star  were  found  from  I  urves. 


Maxima 

wt. 

Minima 

wt. 

s'.i'.i  .luh     3.79 

4 

1899  July  30.6 

1 

IS.. 'IS 

1 

\  ,        '.».17 

■  ■ 

Aug.    4.KI 

3 

L6.49 

1 

28.65 

1 

25.05 

'_' 

Sept.    1.45 

4 

9.2* 

3 

13.0* 

4 

17  :;• 

3 

20.6* 

4 

24.7* 

2 

Oct.     7.73 

1 

Oct.     3.00 

3 

1  L32 

1 

10.32 

1 

Nov.    7.9* 

o 

Nov.     1.8* 

•» 

L3.09 

•> 

rehester.   11)00  Jan. 

21. 

Thesi  n pared  with  Mi  i 

element 

mean  for  the  maxima  being  -    I 
the  minima 
90. 
I    e  period  indicated   by  the  maxima 

tantially  with  the  value  found  bj  Pi<  kj 
H.C.i  i  Circular,  No.  U,  and  I 

SU  ( 'ygni. 
M\  observations  of  the  star  Dumber  fif- 
all  been  reduced  by  Mi  i.i.i.i:  and  Kj  mpf's  mean  cui 
account  oi  the  star's  shi  -  many  of  thi 

dei  n  ed  from  single  obs<  i    it  ions      I 
and  il.-\ .-n  minima,       I 


M   \  \  1  M  \ 

M  1  N  1  M  A 

wt. 

399  Julj     L.08 

1 

1899  d'  m 

1 

1.78 

1 

31.62 

1 

17.42 

1 

7.95 

2 

31  88 

2 

15.43 

2 

\         l  56 

1 

:;i  88 

■  • 

8  if. 

1 

8 

16.40 

2 

15.36 

1.67 

2 

'• 

1 

30.32 

1 

ii'..;7 

1 

'■ 

1 

19.96 

1 

8.57 

•■. 

23.9  1 

•  > 

27.47 

•  > 

1.39 

1 

9.68 

1 

\         5  1  2 

1 

11'.  71' 

1' 

The  minima  being  rather  indefinitely  mark<  . 
son  with  the  elements  i 

howing  a  mean  residual  of  ±0d.14,  wit] 
error  of   t  o  Mi'.,  for  a  i  mination  i 

thus  subs  tan  I 
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1899  Washington  M.T. 


Apparent  & 


logAp 


, 


Sept 

11 

h        in 

11      7 

39 

+  20     6  26.] 

II    1  Is 

+   7.0 

14 

i:;  55 

i".i 

+  20  11   35.6 

n  1 16 

27 

11'  59 

31 

+20     ■"•  •"■■VI 

0.449 

+    0.1 

28 

11'  55 

57 

+  1-0     ii    19.] 

ii  150 

+  11.0 

30 

11'   15 

oil 

+  19  7.1  I'l.:; 

o.i:.:; 

+  11.4 

Oct. 

1 

11'  41 

21 

+  10  r.i)  u.o 

0.454 

1  12.4 

3 

11'  31' 

9 

+19   11'  23.7 

0.457 

+  11.1 

13 

11    15 

15 

+  18  44   10.1 

0.478 

+  12.0 

10 

11    17 

1 

+  17  58  29J 

0.493 

•11'.. 

ORG!     \    HILL. 

Washington  M.  1 

j .in  & 

I'l      11 

•   1  7    11    5  1  8 

0.499 

I'l      10  53    17 

+  17    H'.   16.0 

-     - 

Oct. 


The         ■     '      0 
with  the  Ephemeris  as   published  in  t;  1901. 

These  declinations  depend  upon  the  adoption 

•  ■  tical  Circle,  and  a 
of  double  zenith-d  the  planet,  bj  reversal  of  the 

instrument. 


172 


I  11  r     ASTRONOMICAL     JOURNAL. 


V    177 


ON    THE    VARIABLE   -2s',-2    V  IT  I' I' is. 

Bi     \l  l\  Wl'lii:    W.   ROBERTS. 


( ibsi  f  this  star  ma  i  dale  indicate  that 

it  is  a  i    ili"  Algol-tyj>e,  with  a  period  "I  about 

■'  i\  s. 

It  was  suspected  of  va  I >>,;  by  Stanley  Wil- 

liams, n  ho  suggested  a  period  of  1.2  days  I  Mon.  Not.,  R.A.S., 
Vol.  17.  p  91  I  ibservations  made  here  in  1891  and  1892 
indicated  a  much  shorter  pei  iod  than  t  his. 

In  1896  Professor  Pn  m  ring  announced  thai   an  • 

nun I   the  Draper  Memorial  Photographs,  taken 

\  r, ,  1 1 1  i  I  >a  station,  showed  thai  the  star  is  a  spectroscopic 
binary,  with  a  period  of  3.115  days.  As  stated,  my  obser- 
vations 3  ield  a  pei  iod  less  than  half  this. 

The  elements  obtained  from  the  1899  observations  alone 
are  as  follows : 


Full  pei  iod, 

of  first  min., 
econd  nun.. 
Mag.  al  Brsl  nun.. 
al   second  min., 
al  maximum, 


I     L0h  54     26   : 

1900  Januarj  1     51  5    (G.M.T.) 

1  23   0 
1.85 
1.65 
I. in 


The  Light-curve  would  indicate  two  stars,  om 
brighter  than  the  other,  revolving  round  one  another  in  an 
almost  circular  orbit.     The  inclination  oi   the  orbil   must 
be  very  small,  and  the  distance  between  the  two  stars  less 

than  their  semi-diameter. 


OBSERVATIONS 

OF   MINOR 

PLANET    (7)  IRIS, 

m  \ in:  wiiii  5.3-in 

11    M  1   R]  HI  A.N    TRANSIT    AT    1  .8. 

N  A  V  A  1 

,   OBSEm   \  mi 

V, 

By  M.  E. 

PORTER. 

No. 

Date 

Was 

h.  M.T. 

A,.,.,  a       N. 

.  Thre 

Ads    C— O 

No. 

in 

te 

Wash.  M.T. 

Api 

..  a       N.i 

Threa 

ds    C— O 

1 

SeptTli.6 

1 

14 

7  °39 

l":;i'"7is':;i 

11 

-L65 

16 

Oct.     9.5 

12'    4"   9 

r 

is' 

3L68 

11 

-2^1 

12.6 

11 

3  38 

1  31   52.96 

11 

-1.79 

17 

14.5 

11   40  36 

i 

14 

37.40 

11 

-2.4G 

3 

L4.6 

13 

55  29 

1  31  36.03 

8 

-1.75 

18 

19.5 

11   17     4 

i 

10 

14.56 

11 

-2.41 

4 

i.vr, 

13 

7.1   22 

1  31   24.70 

11 

-1.81 

19 

20.5 

11  12  23 

i 

9 

59.31 

11 

-2.44 

5 

21.6 

13 

25  59 

1   i".»  36.42 

11 

- 1.97 

20 

22.5 

11     3     3 

i 

8 

30.82 

11 

-2.43 

6 

22.6 

13 

21   38 

1  29  11.94 

11 

—  2.02 

21 

24.5 

10  53    17 

i 

7 

5.72 

11 

-2.41 

7 

24.6 

13 

li'  52 

1  28  17.5'.) 

11 

-2.04 

22 

Nov 

1.4 

10  17  28 

i 

o 

13.75 

11 

-2.23 

8 

26.5 

13 

4     0 

1  27   If,. 7,7 

11 

-2.12 

23 

4.4 

10     4  17 

i 

0 

50.13 

11 

-2.13 

9 

27.5 

12 

59  31 

1  26  43.65 

11 

-2.15 

24 

5.4 

9  59  57 

i 

0 

25.92 

11 

-2.08 

10 

29.5 

12 

50  29 

1   25  33.28 

11 

2  21 

25 

9.4 

9  42  57 

0 

59 

9.15 

11 

-2.08 

11 

30.5 

L2 

45  56 

1  24  r,r,.\n\ 

11 

—  2.22 

26 

12.4 

9  30  33 

0 

58 

33.29 

11 

-1.88 

12 

Oct.      1 .5 

12 

41   21 

1   24   17  34 

11 

—  2.24 

27 

19.4 

9     2  55 

0 

58 

25.98 

11 

-1.71 

13 

'_'.."> 

12 

36  46 

1  23  37.55 

11 

-2.31 

2S 

Dec. 

16.3 

7  32  25 

1 

14 

8.24 

11 

-1.02 

14 

3.5 

12 

32     :i 

1   22  56.55 

11 

-2.31 

29 

20.3 

7  20  56 

1 

18 

23.37 

11 

-0.92 

15 

6.5 

11' 

18  13 

1  20  47.55 

11 

-2.33 

30 

26.3 

7     4  27 

1 

25 

31.52 

13 

-0.69 

THE  BENJAMIN  APTHORP  GOULD  FUND. 

Since  making  appropriations,  in  March  1S99,  of  $500  to  Prof.  Charles  L.  Doolitti.e,  and  of  $300  to  Mr. 
Henry  M.  Parkhurst,  from  the  Benjamin  Apthorp  Gould  Fund,  a  considerable  additional  amount  of  income 
has  accrued,  for  the  distribution  of  which  the  Directors  are  prepared  immediately  to  arrange.  Applications  for 
appropriations  may  be  made  by  letter  to  any  of  the  undersigned,  stating  the  amount  desired,  the  nature  of  the 
proposed  investigation,  and  the  manner  in  which  the  appropriation  is  to  be  expended.  Full  information  with 
regard  to  the  Fund  may  be  found  in  the  announcement  pertaining  thereto  in  A.J.  453,  a  copy  of  which  will  be 
mailed,  on  request,  to  assist  in  framing  applications.  Lewis  Boss,    Seth  C.  Chandler,    Asaph  Hall.    Directors. 


CONTEXTS. 
On  the  Distribution  of  the  Mean  Motions  of  hie  Minok  Planets,  by  Simon  Newcomb. 
Small  Stars  \i  w.  Sirius,  by  E.  E.  Babnard. 
Note  ox  the  Companion  <n   Sibius,  i;\    E.  E.  Barnard. 
Observations  of  Tempel's  Second  Comet  =  c  1S99  IV,  by  C.  D.  Pebkine. 
hi  -i.k\  \iions  of  Comet  1S98  X,   by  William  J.  Hussey. 
Observations  of  the  Planet  (334)  Chicago,  by  William  J.  Hussey. 
Notes  on  Certain  Southern  Short-Period  Variables,  by  Alexandeb  W.  Roberts. 
The  Double  Star  /3  SS3,  by  E.  E'.   Barnard. 

On  Two  Variable  Stars  of  Short  Period,  {U  Vulpeculae  and  SU  Cygni),   by  Paul  S.   Ykxhell. 
Observations  of  Minor  Planet  (7)  Iris,  by  George  a.  Hill. 
Ox  the  Variable  2852  FPuppis,  by    Alexander  W.  Roberts. 
Observations  of  Minor  Planet  (7)  lias,  by  M.  E.  Porter. 

The  Benjamin  Apthorp  Gould  Fund. 

Published  in  Boston,  tri-monthly.  by  s.  C  Chandler,    address.  Cambridge.  Mass     associate  Editors,  asaph  Hall  and  Lewis  Boss. 
Prick,  $5.00  the  Volume.    Press  of  Tiioi.  P.  Nichols.  Lynn.  Mass.    Entered  al  the  Post  Office.  Boston.  Muss.,  as  second-class  matter.    Closed  teo.  10. 


Til  E 


ASTRONOMICAL    JO     R  N  A  L . 

DED     BY     B.     A.     C 

No.  178. 


VOL.  XX. 


FOUNDED     BY     B.     A.     GOULD. 


BOSTON,     1DOO    MARCH    21. 


No     82 


DOUBLE-STAB    MEASURES, 

M  \i.i      \  i     i  in.    LOW  II  I    0BS1  i:v  \  rOBY, 

I!v  W.    \    '  OGSHALL. 


The  following  double-star  measures  were  made  with  the 
24-inch  telescope  in  the  fall  and  winter  of  1898.  They  are 
from  a  list  furnished  by  Professor  S.  W.  Buknham,  at 
whose  request  they  were  measured.  Those  observations 
followed  by  "B"  were  made  by  Mr.  S.  I..  Boothbotd; 
those  followed  by  •••'."  by  myself. 

Because  of  much  bad  weather  and  other  circumstances., 
some  of  the  stars  have  been  measured  only  on  one  ami  two 
nights.  These  I  have  included  for  the  sake  of  completeness, 
hoping  that  in  some  cases  at  least  they  may  become  useful. 


With  few  exceptions  each  measured  angle  is  a  mean  of 
four  readings  of  the  micrometer,  and  the  di>tance  a  mean 
of  three  double-distance  readings,  the  line  joining  the  ob- 
server's eyes  being  in  all  cases  either  parallel  or  perpen- 
dicular to  the  line  joining  I  -iit  an 
estimate  of  the  magnitu  ade.  and  in  these  meas- 
ures the  means  ot  these  estimates  are  givi 

The  places  are  those  furnished  by   Mr.  Burnham 
are  for  1880.0. 


13  131 

a  =  18h  0 

I 

1898.625 
.644 


(7.:;   :    10   ;    12.2). 
'  4-1-     :     o  =—15   3S' 
.1/; 


278.5 
280.1 
279.6 


2.60 
2.91 
2.90 


1898.635         279.4 

.M 

283.9 

283.9 

283.2 


1S98.625 
.636 
.644 


2.80 


r.4'.i 
r.;;i 


L898.635         283.7  7.40 

Haze  stopped  measure  on  tir-i  night. 

/S286     (6.2  ;   13.2). 

a  =  18h  8™  -I-     :     .i  =  —20    25' 

1898.636         214.6  6.32 

213.4  5.65 

.673         212.4  5.82 


1898.659 


213.5 


5.93 


0  284     (7.3  ;  11). 

a  =  K-  B™  1.;       :  8 

i/; 

1898.666         359.4  .    . 

.668         359  1  17.99 

.•;:;;        359.1  L7.64 

.csl           .    .  17.90 


L898.673        359.3         17.84 


IC(C=  K 

8) 

1 

6 

P 

1898.666 

86.4 

.668 

86.6 

30.95 

.673 

86.7 

30.41 

.684 

27.90 

1898.673 

86.6 

29.75 

Ab(b  =  10 

- 

189s  666 

65.8 

668 

65.9 

21.77 

673 

r,r,.r, 

21.96 

.684 

21.1 5 

1S98.673 

66.1 
Aa  (a  =  11 

5) 

21.63 

1898.666 

201.0 

.668 

12.00 

.673 

.684 

11.60 

18'.'- 

199.6 

• 

Ad(d  =  18 

L898.666 

103.3 

.CCS 

102.1 

.673 

17.53 

1898 

L02.9 

17.53 

Component  ■'  no)  noted  bj  t 

. 

I 
.673 


(c  =  11.5) 

e 

:  27  i 


327 


0285      (8.2    :    H'.7    :    9    :    11.7'. 
a  =  18 

AB 

:         319.6  1.51 

::17.1 


: 


At 
140.2 


l.-.l 


60".02 


1  10.5 

CD 

17.1 


B 


- 
- 

L07.9  ".:•! 
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T  II  E     A  ST  l:  0  N'o.M  I  C  A  I.     J  <»  D  BN  A  I. 


\  '    17s 


ft  IS 


,S 


/ 

L898.675 

.712 
.755 


i.e. 


10.7). 

8  =  —19    14', 
P 

;  L90 

>  2. 19 

2.38 


1898.724 


2.5 


0  966     (7  ;  9. 

a  =  18'"  25m  26      : 

.1/; 

L898.742         252.9 

.755        252.5 

.758         252.7 


2.26 

•    ;    L0.2). 
8  =  —19*3' 

66.89 
66.38 
66.60 


1S9.S.752 


L898.742 
.755 
.758 
.760 


252.7 

BC 
L22.6 
123.5 
113.2 
L22.6 


66.62 


0.76 
0.71 
0.67 
0.75 


L898.754 


L20.5 


I).  72 


0  967     (8.2  ;  12.5). 
a  =  18hS4m5"     ;     8  =  —14°  37 
L898.725         196.7  2.45 

.728         200.6  2.26 

.731         197.7  2.59 


1898.728 
ft  969 

a  =  IS1'  43" 

1898.689 
.703 


198.3 

(7.2  ; 
1  498  ; 
237.1 
238.6 
237.0 


2.43 

11.5). 

8  =  -8°  3' 
14.22 
13.96 
14.61 


1( 

t               e  f> 

L898.731       *[H°3]  l"92 

.733          20.J  11.21 

.739          21.1  tl.16 

734           20.7  11.10 
probably  read  wrong  10°. 

AD  =  22486 

7::i             3.0  H72 

7:;:;             t.3  L0.18 

739            5.3  L0.30 


1898 
1  Circle 


IS',  is 


L898 

is;  is 


734 

731 

7:;;; 
739 


L2 

CD 
261.6 
261.8 
260.2 


IOJI7 

3.91 
3  57 
3.82 


1898.734 


261.2 


3.77 


ft  '.174     (8.2 

a  =  ls!l  58™  •">:;-      : 

1898.671  88.9 

.701  85.7 

.703  88.0 


;  9.8). 
8  = 


1S'.»S.6'.I2 

ft  56 

a  =  l'.i"  58" 
1898.613 
.625 
.666 


87.5 


-6C  21' 
0.91 
0.91 
0.91 

0.91 


(8.2  ;  9.5). 
47s     ;     S  =  —4°  39' 
166.9  1.67 

166.0  157 

165.4  1.42 


isos.  <;:;.-. 


166.1 


l  .55 


ft  832     (8.7  :  9.7). 


=  20b  0'"  .V 


8  =—10°  59' 


1  SOS. 706 
0  970 

a  =  18h  44"1 

1898.714 
.728 
.731 

237.6 

(8.5  ; 
15"     ; 
104.2 
106.1 
110.0 

14.26 

11.7). 

8  =  —8°  8' 
1.47 
1.48 
1.36 

C 

1898.666, 
.671 
.701 

101.., 

106.9 
104.2 

2  25 
1.55 
1.61 

189S.679 

ft  833     (8 

a  =  20''  5m 

1898.701 
.725 
.744 

104.2 

;  8.5   ;   1 
ll»     ;    8 

AH 

62. 9 

63.2 

63.2 

1.80         C 

2  ;  12.7). 
=  —6°  30' 

1898.724 

ft  265 

106.8 

(7.8 

38»     ; 

234.2 

233.3 

237.5 

1.44 

9.8). 
5  =  +11°  23 
1.53 
1.07 
1.15 

G 

12:;.  oo 
119.92 
119.06 

a  =  18''  44m 

1898.711 

.71  1 
.725 

1898.723 

AD  (I) 
1898.701 

.725 

.744 

63.1 

=  Booth 
357.1 
357.6 
356.9 

120.66 
royd) 
43.79 

1898.717 

235.0 

1    12.5 

59s     : 

Ali 

346.5 
353.4 
350.5 

1.25 

11.8  ;  12 
8  =  +8°  34' 

1.74 
1.64 
1.78 

B 
2)- 

13.1  0 

43.39 

ft  973     (S.3 
a  =  18"  55,r 

1898.731 
.733 
.739 

1898.723 

1898.701 
.725 
.744 
.742 
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BC 

63.6 

58.8 

60.0 

61.5 

43.63 

1.51 
2.08 
2.28 
2.64 

1898.734 

350.1 

1.72 

1898.733 

61.1 

2.30         B 

0662     (9 


a  =  20 


/ 

1898.711 
.755 
.758 


Is'.is  7|| 


301.8 
298.3 
302.1 

300.6 


11.7.. 
8  =  -    19  59' 
P 

1.12 
1.66 
1.76 


1.61 


0  672     (6  .    L2 
a  =  20    32     -  8  =      1    ;:i 

Is'.is.  6i:;         281.5         31.48 
,622        281.2        31.47 

.625  2S0.7  31.68 

1898.620         281.1         31.54 

ft  1209     (9  :  10.5 
a  =  20h34m9"     ;     8=      17    18' 
L898.733         282.2  0.64 

.744         2SH.2  0.61 

L898.739        281.2  (M53 

ft  267     (9  ;  9.5). 
a  =  20"  35'"  25"     ;    8  = 
1898.636         2  12.2  2.04 

666        239.9  1.88 

,668        237.5  2.17 


1S9S.657 


239.9 


2o:; 


0  674     (7.2  ;  9.7). 
a  =  20"  37'"  53"     ;     8  =  —  21    19' 


1898.622  101.6 

.66,6  103.4 

.711  103.3 


1898.666 


L02.8 


1.59 
1.48 

1.71 

1 .59 


0  764     (8.7 

a  =  2d"  52"'  22"      : 

.1/; 
1898.744         361.0 
.755         355.6 
.758         360.5 


:   8.7). 

8  =  -9 


1898.751 


359.0 


O.S5 
O.S6 
o.S7 
O.S6, 


AC(C  =  8.4) 

is'.is. 744  112.3  100.41 
.755  111.7  100.23 
.758         112.0       100.39 


1898.752 


112.0       100.34 


AD  (D  =  8.2) 
189S.744  21.8       137.33 

::■:■  21.4      138.46 

.758  21.6       137.62 


IS'.IS. 


21.6       137.80 


AE(E  =  11.5,  Boothroyil) 

1898.744  89.9         58.75 

.755  89.7         59.48 

.758  89.5         511.02 


1898.752 


SO.  7 


59.08 
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/,/./■ 


■■ithroyd) 
0  P 


1898.744  L93.6  24  52 
.755  193.]  24.5] 
.75s         193.fi         24.35 


189S.75L 


193.4 


24.56 


- 


There  is  another  companion  to  'in  lSCy 
50        Mag.  14.    Uso  two  more  to  D  as  follows  : 

150°  ±  15"  ±         Mag.  14 

80  ±  4o  ±  14 

B 

0  765  .7  :   12.5 

a  =  20*  53 

1898.733         140.7  2.32         B 

0  473     (8.2  ;  9.7  ;   12.7). 

a  =  21h  1"'  23"     ;     3  =  —in   41 

.1/; 

1898.625         116.0  1.76 

.668         120.2  1.91 

.671         117.7  1.80 


1898.655 
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1.82 


.H    (C=  CogshaU) 
189S.66S         357.1         25.05 
.671         357.4         25.70 


1898.669 
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25.37 


,5         330.2 


8  71 
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a  =  2  i 

!  145.8  3.03 
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1  15.6 
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0683     (8.2  ;  12). 
a  =  21*  20™  13      :     8 

194.3  2.72 

.722         194.9  2.62 


1898.695 


194.6 


2.67 


0  73     (3.7  ;    10.5  ;    11.2.. 

a  =21*  --'5'"  14-    :  8  = 

i/; 

1898.622         318.4  34.99 

.625         318.5  34.72 

.636        318.2  35.18 

1898.628         318.4  34.96 


' 


0  1035       8.5  ;    11   . 

u  =  21     17     16       :     8  =  —26    4' 

1898.725         205.6  1.21         C 

/3  447    (6.3  ;  ; 

a  =  21*  I8m  46       :      8  =  - 

1898.613  329.6  8.86 
.625  328.2  8.77 
.666    332.8    8.60 


'  6  p 

1898.622  185°.3 

.''.25  184.2 

.636  184.4        :•:,.'.<:, 


184.6 


55.97 


/3  69:;     ,7.2  ;   l  i 

a  =  21*  19™  --.4-     :     6  = 

L898.622  5:;.:;  1.19 

.660  50.2  1.38 

■666  5u :;  1.05 

1898  649 


51.:; 


1.21 


0171     (8  ;  11.5 
a  =  22"  ""■  51'     ;     8  =  —21°  38' 
1898.622         25s.ii         H.75 
258.6         11.44 
.(175         257.7         11.29 


25S.1 


11.49 


0478  (8.5  :   10.2 
a  =  22    -       - 

.1/; 
1898.668  30.1  .    . 

7  12  31.4  1.66 

75-  30.2  1  58 


1898.723 


30.6 


1.62 


I'      '    =8.7) 

1898.668         238.9         28.47 
.712         239.8 
.758         239.6 


1898.725 


239.4         28.69 


hn.y.l) 

5-1  18.78 

51.3         19.06 

1-  92 


1898.713 


54.7 


56         337.1 


1.46 


13.5,  not  n 

1898.668  20.8       [40.  ±] 

■758  17::        34.11 

L898.713  19.1         ::i.ll         l; 

3 

a  =  22 

1898  641         337.4  l  :■■: 

.660         338.0  1.47 


B 


■     (8  ;  12) 

a  =22    27      IT 

348  5  1  13 


0  77 

a  =  25  8=  —  _•    L'4 

.1/; 
'  P 

211  '.» 

216.1  2.74 


1898.630 

214.0 

i' 

225.2 

225.1 

225.1 


a  =  22 

.'•,11  5.2 

.663  7.1  1.92 


\ 


6.0 


0  177 

a  =  22 

275.5 
.673  279.1 
.722         274.6  2.71 


276.4 


B 


324.5  I         I 

0  77-      3.8  ;  11). 

u  =  22 

239.4 
.630        2  i  7,; 

i 


5.21 

0  1011        7:11 
a  =  2- 

297.4  2.14         l; 

a  =  22 

L.43 

81  l  .:;:■        |: 

7.:  1.40 

."•  I  2 

1.12 


51.7 


L76 
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N      ITS 


^8  715     (6.8  ;   L3.2). 

a  =  28'  8™  25      J    8  M     '" 

t  e  c 

L898.641         252.5  3.45 

.684         259.4  ."..II 

758        259.7  3.65 


1898.694 


•'7,7  •> 


3.51 


IN'.IN 
IN'.  IN 


0  716     (9  ;   L1.5). 

IShgn  i.y  ;  8  =  9  i:: 
763         207.6  L.63 

862         208.2  L.08 


812 


•-•117.'.! 


I  35 


0  387     (8.2  ;  9.2). 

a  =  23"  28'"  8»     ;     8  =  —10°  22' 

L898.625    -     70.1  5.98 

.666  :<>.!  5.89 

.673  69.7  5.85 


1898.654 


70.0 


5.91 


0  721     (8  ;  85  ;  12.5). 
a  =  2Sh30m7'     ;     8  =  —  747' 

1898.681         117.1  0.73 

-s-  .  C  (C  =  Boothroyd) 
189S.681         301.7         21.38 

0  775     (7  ;  11). 

a  =  23"  30'"  45'     ;     S  =  —32°  32' 

1898.084         252.5  5.53 

.701         250.5  5.04 

.711         250.7  5.26 


1898.699 


251.2 


5.28 


0  724     (9  ;   10). 

a  =  23h  34"'  468     ;     8  =  +7°  18' 

1898.681  91.2  0.86 

.758  88.2  0.72 

.763  88.0  0.77 


L898.734 


S9.1 


0.78 


0  279     (4.5  ;   10.7). 

a  =  23h  30'"  30s     ;     8  =  —15°  12' 

1898.625  83.5  5.12 

.663  83.8  5.45 

.671  84.5  5.38 


1898.653 


83.9 


5.32 


1S9S.740 


290.7 


74.23 


L898.72J 


w; 
6 

•_'5l.o 


0730     (6 
a  =  28h52™82 
1898.641 
,663 
.673 

L898.659 


71.0 
74.2 
73.3 


11.7). 

8  =  —4°  13' 

1 .58 
1.72 
1.69 


2.8 


1 .66 


0  72G     (8.5  ;  10.5). 
a  =  23h  40m  238     ;     8  =  —13°  25' 
L898.758        326.3  0.89         B 

0  1013     (5.7  ;  6  ;  8). 

a  =  23h  42™  40s     ;     8  =  —28°  48' 
AC 
1898.722         296.8         74.00 
.758         296.7         74.41 


0  731  (8.5  ;  9.2). 

a  =  28"  :.:;'"  --'7   ;  8  =   8  28' 
1898.663    265.6     L.69 
.712    265.6     L.54 
.758    266.2     1.57 

L898.721    265.8 


L.60 


0  391      (7:7. 
a  =  0h  3'"  14-     ;     8  = 

1898.681         273.5 
.711         266.6 

28    39 
1.01 
1.18 

189S.7S7 

L898.911 
*  I).  A.  Drew. 

1898.673 

.71  1 
.733 

.906 

.'.Ml 

354.8 

11  (J 

L60. 5 
161.2 
160.0 
160.6 
160.3 

L03.05 
102.82* 

1898.696         27n.n 

0  998     (8.8  ; 

a  =  0h  7'"  30-     ;     8  = 

1898.660         L16.5 

l.d'.t 

»)• 

+5   55' 
1.26 
1 .40 
1.50 

B 

11.32 
11.11 
11.28 
11.30 
11.20 

.711          115.7 
.722         113.6 

L898.787 

0  494 

a  =  0b  40"" 

1898.625 

.ecu 
.663 

160.5 

(8.2   : 

:,:;      :     8 

172.:; 
L73.6 

170.1 

11.24 

L898.698         115.3 

0  ISO      (6   :   1 
a  =  01'  S'"  lit-     ;     8  = 

1898.625            8.0 

.733             9.7 

1.39 

—8°  27' 
3.00 
3.26 

C 

8.3). 

=  — 1°  64' 
1.26 
1.31 
1.42 

1898:679            8.8 
1898.780            2.9 

3.13 

3.03 

B 

C 

1898.649 

172.0 

1.33 

0  393     (7.5  :  9). 
a  =  0"  12™  12-     ;     8  =  —21°  48' 
1898.689  12.7  0.69 

0  256     (9  ;  9.2). 
a  =  0h  13"'  53«     ;     8  =  —14°  30' 
1S98.722         251. 7  2.51 

0  1093     (7.5  ;  8.2). 

a  =  01'  14'"  44s     ;     8  =  +10°  19' 

189S.681  46.2  0.52 

.711  02.7  0.75 

.742  57.6  0.72 


1898.711 


55.5 


o.oo 


0   INN  ,7.1    :    lor. 

a  =  0    17  52      ;    S  l°8' 

i  0  P 

L898.625  347.3    3*01 

.663  346.8    3.18 

.698  347.8    3.10 

.856  344.7    3.01 

:;.o7 


1898.710 


346. 


0  109  (6.8  :  L0.2  :  10.9). 

a  =  li1  :;i"  27      :     8=       17    10' 
.i/; 

L898.673        355.9  [92.21 

.71  I         354.3  102.61 

.733        354.7  103.19 

.906        354.9  103.36 

.-.ill         354.4  L03.04 


0  231      (8.2   ;   8.3   :   8.6). 
a  =  0".->4"'  30-     :     8  =  —17  -43' 

1898.663        331.7  4.68 

.O'.in         331.7  4.47 

.742  332.1  4.01 


IN'.IN. 701 


331.8 


1.58 


AC 

1898.00,:;         132.7  63.26 

.698         131.5  60.28 

.7  12         131.9  63.47 


1898.701 


132.0 


62.3  I 


0  777     (8.2  ;  8.S). 
a  =  0h  14"'  50s     ;     8  =  —0°  55' 

1898.673         167.8  3.95 

.698         166.3  3.94 

.714         166.9  3.77 


1898.695 


107.0 


3.89 


0  501      (7.2  ;  11.8). 

„  =  i'>  0'"  40s     ;     8  =  —5°  17' 

1898.625  28.6  2.63 

.644  27.7  2.83 

.660  2S.9  2.9 1 


1898.643 


28. 1 


2.80 


N-    178 
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177 


99 

(6.4   ; 

ii  183 

(8.0  ; 

a  =  1     I'  1 

8      ;     8 

=  —11-  31' 

a  =  1'  -17"  21'      :     o 

=      17°  20' 

a  =  2h38l"31I     :     6 

t 

9 

P 

/ 

e 

P 

1 

0 

P 

L898.625 

304.1 

L.69 

1898.709 

227.9 

2  51 1 

1898.644 

.660 

300.0 

1.67 

.'.HI 

229. 1 

2.66 

.791 

.663 

300.9 

1.61 

.925 

230.3 

2.65 

100.0 

1898.649 

.•501.7 

L.66 

B 

189s 

229.2 

2.60 

B 

L898  775 

101.0 
L00.1 

I 

0  1231 

(6.6  ; 

12.2). 

0  51  1 

0.51 

a  =  1     -'l 

(8      :     8 

=  —26°  50' 

0  1002 

7  8   . 

L898 .64  1 

225.8 

2.86 

a  =  1L  53'    :.T       :     o 

a  =  2 

ecu 

223.9 

2.86 

1898.681 

l. •;.•;.! 

6.39 

18  791 

.763 

227.9 

2.99 

.'.H  I 
925 

133.1 

132.6 

6.18 
6.35 

332  5 

I89S.0S9 

225.9 

2  90 

C 

1899. I 

334.6 

lit 

1898.839 

133.0 

6.31 

B 

•  874 

333.6 

i  .-..; 

i 

,8  869     (8 

12). 

a  =  1"  30" 

3-     :     8 

=  +3    42' 

0  516 

(8.8  ; 

0N77       6 

.".  ;  11.8  ; 

1898.698 

195.5 

5.15 

a  = 

6      :     8 

=  -l°33' 

a  = 

i'.--     :     o 

.742 
.91 1 

L97  9 
196.4 

5.35 
5.26 

L898.644 
.709 
.742 

289.8 
289.8 
288  6 

0.94 
0.90 
0.87 

1898 

985 

AB 
144.6 
1  12.1 

11.54 
11.78 

1898.784 

196.6 

5.25 

^B~ 

L899. 

1  111 

11.74 

L898.698 

289. 1 

0.90 

C 

08 

71      (8  ; 

9). 

L898.940 

1  13.7 

11.69 

a  =  1"  41" 

19      :     8 

=  — lc  33' 

1898.64  | 

351 .5 

1.99 

08 

(7.8    : 

9 

AC 

.698 

352. 1 

2.06 

a  =  'J'    1  i" 

59'     :     8 

=  +8°  20' 

L898.835 

154.1 

16.69 

.711 

353.1 

2.19 

L898.644 
.791 

206.3 
208.4 

■ 
1    12 

.'.is.-, 
189! 

152.2 

1  .">."■.  7 

47.01 
46.43 

L898.684 

352.3 

2.08 

c 

108     (8 

;  9). 

.911 

206.8 

L.32 

L898.940 

153.3 

46.71 

B 

01 

1898.782 

207.2 

L.37 

c 

a  =  1"  43™ 

1-       :     8 

=  —10°  58' 

011 

L899.000 

202.0 

0.72 

B 

0  7 

is      |  7 

8 

a  = 

■ 

w       V 

1898.660 

84.4 

2  57 

0  511 

(8  ;  8.3 

.   L3.2 

a  =  !'■  Is" 

(»•     :    8 

=  — :>i    25' 

.'.'11 

2.61 

a  =  1     42' 

10      :    S  =  — 2°l' 

i/; 

1899.000 

184.1 

0  79 

B 

925 

si    1 

■    _ 

-   - 

I'll 

lv.is.7H 

L59.7 

.il'.l'S 

8  517 

6.5  ;  9 

5  .  9.5 

.711 

L60.4 

30.43 

.7  11' 

It ;u  2 

30.49 

a  = 

M       :     i 

.1/; 
248  l 

6  527 

a  =    ■ 

i  r09 

• 
• 

1.898.722 

L60.1 

30.40 

L898.911 

11.37 

BC 

.'.c;  i 

1898.711 

315.1 
316.5 

1.21 
1.05 

L898.91 1 

289.2 

56  1 1 

B 

1899.01  I 

0.87 

.71  1 

1898  885 

0.81 

B 

.711' 

314.0 

1.07 

|S  51! 

(8.5 

9.3). 

3 

8-S 

1898.722 

315.2 

1.11 

B 

0  Kim     eS.2 

12.7) 
=  —18°  59' 
1.14 
0.81 

a  = 

38       :      8 

2     Ifi 

a  - 

- 

a  = 

1898.791 
189! I 

5      :     8 

8.8 
3.1 

1898.742 

.985 

1899.1 

60.9 
54.5 
57.1 

I.e.-. 
0  85 
0  89 

L898  709 
.931 

196  l 

• 

1.01 
0.93 

L898  895 

6.0 

0.97 

C 

L898.909 

:.7  5 

B 

-   B  B24 

197.6 

0  95 

8  259     .7.7 

a  =  lh  Hi"   20       :     8 

9.8). 
=  — 10c  19' 

L0.5) 

a  =  31'  8' 

L898.663 

237.4 

1.35 

a 

IV 

i          i   .'■ 

1898.791 

.681 

237.8 

1.58 

1898.709 

209.0 

0  92 

.832 

.722 

238.1 

171 

205.0 

0  84 

3.71 

Isms  us;i 

237.8 

1.56 

C 

L898.817 

207  0 

B 
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N«    17s 


ft  L2     (7.3  ,  9.7). 

a  =  3"  IV"   IT       ;     8=       II     '-•"' 

1  6  p 


L898.709 
.'.HI 
.925 

271.3 
274.9 
270.9 

2. 1  1 
2.06 
2  22 

L898.848 

272.4 

2.14         B 

0  531 

•     (8.2  ; 

13 

7). 

a  =  8*  27" 

25"     :     8 

=  - 

-10°  27' 

1898.791 
.91  1 
.925 
.931 

271.3 
271.1 
272.8 

270.2 

2.99 
2.98 

[3   t   1 

IS'.tS.SS'.l 


271.1 


2.99 


0  534     (8  ;  12.5). 

a  =  ::''  88™  1:8  =  —8°  54' 

L898.835         L94.9  2.55 

.'.ill  193  1  2.77 


isw.nt:; 


I '.M.I 


2.66 


0  308      (8.7   ;   10.1  I. 

a  =  3h  32™  5      ;    8  =  —8°  3' 

1S<»8.832  330.3  1.77 

.835         330.1  1.92 

.'.ill         332.1  1.96 

1 .88 


1898.859 


330.S 


ft  1003     (8  ;   L3.2). 

a  =  31'  40'"  25"     ;     8  =  —28°  15' 

L898.931  3-1. 1  2.7:; 

L899.014  34.7  2.79 


|S!I8.'.»72 


34.4 


2.76 


0  542     (8.3  ;  10.2). 

a  =  3h  50'"  218     :     8  =  —7°  18' 

1898.791         192.4  1.79 

.925         193.5  1.12 

.931         191.7  1.59 


1898.885 


192.5 


1.50 


0  543     (7.7   ;  11). 

a  =  3"  51'"  25s     ;     8  =  — 1    30' 

1898.832  26.7         10.95 

.835  26.8  11.11 

.911  27.0         10.91 


IS'.IS.S.V.t 


26.8 


11.00 


0  548     (7.5  ;  11.7). 

a  =  4"  10™  5S"     ;     8=  -  Mi    23' 

Isms. til'         347.0  6.02 

.835         342.2  6.13 

.925         346.4  (1.27 


1898.834         345.2 


6.14 


0744     (7.5 

a  =  4''  I*-."  32      ;    S  =      26    i 
AB 

i               e  f 

1898.931         307.3  0.80 

AC=  ET8644  (<  =11) 

L898.931             7.2  35.80 

M>  il>  =  9) 

L898.931           10.8  14.88         B 

0  102     (8.2  ;   11.5  ;   13.5). 

a  =  V'  17'"  3       :      8  =  — 1°  88' 

.1  B 

1898.832           7:;.:;  7.21 

.925           69.4  7.27 

.985    ■       7<i.l  7.36 


1898.S5 1  98.6  1.96 

0311       (7.5   :    7.5). 

a  =  4'1  21'"  52"     ;     8  =  —24=21' 

L898.742         336.5  0.92 

1899.014         328.2  0.79 


L898.914  70.9  7.28 

AC{C=  Cogsball) 
1898.925         I10.±  7. Si)         C 

0  403     1 7.:;  ;  9.5). 

a  =  41'  Hi"'  is-      :     8  =  —2°  20' 

1898.742         100.3  2.01 

.s:;5  ;i7.5         2.13 

.985  98.0  1.73 


1898.878         332.3  0.85         C 

0  54'..     (7.2  ;  12). 

a  =  4>>  23'"  2'     ;     8  =  —12°  13' 

1898.832         iss.7  8.48 

.931  L86.6  8.65 

.985         185.1  8.44 


L898.916         186.8  8.52         C 

0  881      (6  ;  9.5). 
a  =  41'  2!)'"  4-     :     8  =  —7°  0' 
1898.742  52.4  1.94         C 

0  882     (8.2  ;  9.7). 
a  =4"  32m  14-      :     8  =  —11°  23' 

1898.835         224.5  2.70 

.985         255.5  2.75 


1898.910         240.0  2.72         B 


ft  186     (8  .  9.5 

u  =  4"  40"  i"     ;    8         7°  12 

'  0  i' 


L898.835 

L83.0 

1.70 

.985 

184.1 

1.72 

L898.917         181.6  L.65         B 

0312     (7.7  ;  8.5). 
a=4h42">36      ;    8=      -Ml 
L898.835         343.6  3.56 

.931         345.4  3.30 


L898.883        344.5  3.43        B 

Isms. si:;         345.2  3.05         C 

ft  7  is     (8  :  8.5). 

a  =  4''  47"'  14-      :     8  =  —  7  =  i 58' 

L898.931         L30.9  1.20        C 

0  318     (8.5  :  8.5). 

a  =  5h  Hi'"  15-      ;      8  =  —3     37 

1898.843         227.0  0.79 

1899.011         232.8  ".77 

J29.9  0.78         C 


L898.92? 


0  189     (7.2  ;  11). 

a  =  5h  14m  83'     ;     8  =  — 5    28' 

L898.835         288.8  4.48 

.931         284.0  4.31 

.985         287.5  1.11 


1898  917  2S6.S 


I.  Hi         B 


0  89     (8  :   10.2). 
a  =  5''  31"  29<     :     8  =  —1°  30' 
1898.835  1.4  1.04 

.985  2. 1  0.85 


L898.910 


0.95 


0  322     (8  ;  9). 
a  =  5''  34'"  40s     ;     8  =  — 25    13 
1898.835         103.0  2.87         B 

015     (7.5  ;  11). 
a  =  5h41"M5s     ;     8  =  — 2    20' 
1898.843        178.7  2.05         C 

0  94      (6.5   :   9). 
a  =  5h44m9»     ;     8  =  —14°  31' 
1898.843  180.1  2.56         C 

0  16     (6  |  10). 

a  =  51'  56'"  12s     ;     8  =  —10°  36' 
1898.835         351.5  1.82         1! 


N°   ITS 


TH  I!     AST  I;  ON  0  MIC  A  L     JOUB  N  A  I.. 


OBSERVATIONS   OF   COMET  -    L899  V. 

MADE    AT    III  K    LICK    OBSERVATORY    "I      1111      I    NIVERSITi     "t     I    \  I.I  I  <il:.s  1  A. 

Bt    <  .  D.   PERRINE. 


1899 Mt.  IlamiltonM.T. 


<   olllp. 


'-* 


la 


/S 


for  a 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

12 
12 


Oct.    15 

6    17    13 

1 

23 

6  26    18 

3 

24 

6  38  28 

5 

25 

6  59     2 

7 

26 

6  52    13 

9 

7  31  47 

'.i 

30 

7  14     8 

11 

;;i 

6  47     2 

13 

Nov.    1 

6  35  20 

14 

6 

6  16  49 

15 

6  34    10 

16 

20 

6  13  30 

17 

23 

6  30     3 

IS 

Dec.     1 

6   18  52 

20 

■  i 

6     9   10 

.,., 

5 

6  19  15 

24 

6 

6  13     8 

I'.". 

9 

6     1   35 

26 

23 

6  15   M 

28 

rflO 

8 

,/lu 

- 

,/ln 

S 

,/lii 

8 

8 

did 

8 

,/H» 

8 

8 

dlO " 

8 

did 

8 

8 

,l  6 

6 

dlO 

8 

- 

6 

s 

6 

- 

6 

dlO 

8 

,/ln 

8 

(710 

8 

_0  3.30 

-  ii  1  1.00 

+0  15.07 

+0  13.49 

1-0  1.43 

+0  6.90 

t-0  I  20 

-0  29.55 

+0  1.20 

-ii  s.i  i7 

•1-0  37.84 

•  0  10  77 

0  6  10 

+  (i  4.11 

+0  5.99 

-ii  25.12 

-ii  22  57 

+  0  9.20 

+  0  1.05 


+  1  10.8 

-::  18.2 

+1  58.3 

-1  33.0 

-2  24.3 

—  1  57.7 

-ii  1.1 


6  22.9 

-  1   34.5 

-  -  i  2 
+•2  55.5 

-  ;;  13.3 
+0  54.7 
-2  53.6 
-0  9.1 
-2  12.0 
-1  13.5 
+  1  7.s 
_6  35.0 


16  51    15.40 

17  3  U.87 
.".  13.56 
6  16.01 
8  17.12 
8   19.59 

II  27.21 
15  58.17 
17  30.64 
25  19.52 
25  20.80 
17  52.06 
52  50.51 

6  II 

7  54.79 

18  13     2.59 

is    1  1     11. 9il 

18   19  53  89 
18  44  32.08 


+  1 

+  2 

+  2 

+  2 

+  2 

+  3 


+    4 
+    4 

+   9 

+  10 

+  12 

+  12 

+  13 

+  14 
+  19 


15 
59 
16 
32 
19 

26 
16 
16 
31 
20 
34.' 
50 
12 
59 
51 
6 


9.574 

10.6 

51.2 

• 

34.7 

31.0 

11.1 

-  •> 

9.613 

1  1.1 

21.7 

9.626 

22 

9.639 

14.9 

7 

9.655 

11   1 

11  8 

9.670 

. 

9.695 

0.715 
0.714 
0.715 
0.712 

0.713 
0.674 


Mean 

Places 

for  1899.0  of  Comparison- Stars. 

Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

i 
16 

5lm46.11 

+  2.59 

-  o° 

16    1"  l 

-  1    1 

12".     Compared  with  *2 

•' 

16 

49  1  1.32 

+2.58 

-  ii 

22  31.5 

+1.2 

B.B.  VI.    -0 

3 

17 

3  25.38 

+  2.49 

+  l 

55  56.3 

•  2.8 

1 1M.     Compared  with  *  1 

4 

17 

1   54.98 

+  2.4S 

+  l 

55    15.2 

+  2.6 

Boss,   Ubai  3   A.G.  5651 

5 

17 

1  56.01 

•  2.48 

+    2 

11     9.4 

+  2.9 

11*.     ( lompared  with  +6 

6 

17 

7   16.33 

+  2.19 

+  2 

1  l    19.3 

Ubany  A.G 

7 

17 

6  30.05 

+  2.47 

+   2 

34  21.2 

+3.0 

11".     Compared  with  *s 

8 

17 

5     6.67 

1-2.47 

+    2 

37  22.1 

\  [ban]    \  i  i.  5675 

9 

17 

8   10.23 

+2.46 

+   2 

7.1   29.2 

+  3.2 

1  2".     Compared  with  *  l'1 

10 

17 

7   11.32 

1  2.46 

+  2 

18  59.4 

+3.1 

\  '.:■': '.      \   G 

11 

17 

1  1  20.61 

+2.40 

+  3 

54  31.5 

+  3.6 

i  l        Compared  with  *  12 

12 

17 

16  10.81 

+  2.41 

+  3 

55  34.6 

Boss,  Albanj   A  G.5741 

13 

17 

16  25.33 

+    1 

16  30.2 

+3.8 

••    '       ••     7.7  1  1 

1  l 

17 

17   27.07 

1  2  37 

+   4 

27  37.8 

5753 

15 

17 

25  25.25 

+2.34 

+   7. 

- 

•  I  6 

Brims  and  Pel 

16 

17 

21    10.63 

+  5 

13  21.6 

•  i  6 

7847 

17 

17 

17  39.07 

+  2.22 

+   9 

34  29.6 

+  6.o 

8128 

18 

17 

52  54  7n 

+  2.21 

+10 

19    ll.ii 

+  6.2 

Compared  with  *19 

19 

17 

54  54.91 

+  2.22 

•  in 

-     3 

+6.4 

\\     B 

20 

18 

6     7 

•  2  1  ' 

+  12 

37.5 

i  lompared  with  *21.      \ 

21 

18 

6     3 

t-2.13 

+  12 

in.l 

• 

DM.  *  12  3415;  - 

22 

18 

7    16.67 

+  2.13 

+  12 

50    13  6 

1 1».     Compared  with  *23 

23 

18 

6   16  89 

1  2.13 

+  12 

19  51.2 

sel  71 

21 

IS 

13  25.58 

+  2.13 

+13 

11    19  7 

+  7.1 

Pulkowa  257 1 

25 

18 

15     5.34 

+2.13 

+  14 

Rumker  6397 

26 

18 

19    12.58 

+  2.11 

+  14 

50   17.7 

+  7.2 

13".     Compared  with  *27 

27 

is 

19  1  1.25 

+  2.11 

+  14 

7.1   26.7 

+  7.1 

Auwera,  Berlin   LG.l 

28 

is 

1 1   28  99 

•  2.04 

1  19 

]■:  56  t 

+  7.9 

••     7031 

ISO 
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,/  inserted  before  the  number  ofc parisons  Indicates  thai  J"  was 

measured  directlj  »  1th  the  micrometer, 

Oct.  Loth,  12*  18".  28d  24th,  12»,  faint  nucleus.  25th  12",  nu- 
cleus still  visible       26th,  C et  very  faint,  owing  to  haze.     30th,  12", 

I'  diameter,  central  condensation,  31st,  Hi"  or  12",  I'diameter, 
central  condensation,  Vo».  1st,  12".-  6th,  12",  §•'  diameter,  brighter 
atcenter.  20th,  13".  28d,  13", I'diameter. — Dec.  1st,  12",  I'diame- 
ter; nebulosity  more  pronounced  on  southern  side  of  nucleus;  nucleus 


d  about  as  sharp  as  the  stars;  8eeing2  the  observed  distance 
between  the  comparison  and  catalogue  stars  was  J"  +4\09  -)8 — 2' 
:;;:.'_'  (comparison  Btar    catalogue  Btar).     5th,  <  omel  faint,  and  Dear 

a   12"   Btar;  seeing  i r.  —  6th,  Cornel   faint.   Comparison    Btar  La 

double,  0°,  8',  8".5  and  10".— 9tb  , '  i'diameter.  Faint 

nucleus,    23d,   18",  20*  diameter.     Brighter  al  the  center.     Cornel 

in Bsarllj  observed  .it  large  hour-angles. 

aft,  Hamilton,  <  alifornia,  1900  Feb.  8. 


OBSERVATIONS   OF   COMET  a    L900  (giacobini), 

M  \  in      \  i     rHE  LICK  OBSBRVATOK1    O]     l  ill     DNIVEB81T1    "I     CALIFORNIA, 

Bi   C.  D.  l'Ki;i:i\i 


1900  Mt.  Hamilton  M.T. 

* 

No. 

(  ntii|i. 

-* 

j8 

t/'*  apparent 
a                        S 

log  /.A 
for  a            for  8 

scope 

Feb.  L6     7  ."'1   28 
21     7   is   l'.i 
28     7   N  48 

1 
3 
5 

d  6  .  6 

,/ln  .  s 
dlO  ,  8 

+  o"'  0^29 
+  o  11.03 
+  0  26.03 

+  8     4.7 
-3  28.2 
+5  56.8 

2  23     3.61 
2   L5  50.47 
2     7  32.06 

-1  33     6.7 
+  o     8  50.8 
+2  22  27.2 

9.549 
9.538 
9.588 

0.739 

0.727 
0.713 

12 
12 
12 

Mean  Places  for  1900.0  of  Comparison- Stars. 


* 

a 

[ted.  to 
i<n    place 

o 

Red.  to      1                                           ... 
app.  place                                           Authority 

1 

2 
3 
A 

5 

ll             III           S 

2  23     2.27 
2  27     3.16 
2   15  38.50 
2  10     1.51 

2     7     5.18 

+  LO.-I 
+  1.07 

+  O.0I 

+  0.92 

+  0.85 

-1  41  10.9 
-1   38  12.4 
+  o  11'  19.0 
+  0  15  15.2 
+  2  16  29.5 

—  0.5        Micrometer-comparison  with  s|<2 
-0.6     |  A(0«iitiii-i'ii  f>42  +  Schjel]erap709) 

0.0        Micrometer  comparison  with  ^  1 
+  0.2     |  £(Paris  2805  +  Rad.,  522) 
+  0.9        Boss,  Albany  A.G.  616 

In  all  three  observations  da  was  measured  directly  with  the  micrometer.     The  comet  is  nearly  round,  and  has  a  faint  nucleus  of  about 
the  13th  magnitude.     The  light  of  the  entire  comet  was  estimated  at  10$  or  1 1th  magnitude.     Diameter  of  comet  2'. 


Wt.  Hamilton,  California,  1900  March  3. 


ELEMENTS   AND   EPHEMERIS 

By  C.  D. 
From  the  Nice  observation  of  Feb.  3,  and  my  own  obser- 
vations  of   February   16   and  21,   I  derive    the  following 
elements : 

T  =    1900  April  29.0781  Gr.  M.T. 

„,  =     24°  36  56*6  |  O-O: 

&  =     40  24  38.8     1900.0  /A' cos/3'  =    -0".4 

i  =   146  I'-".  22.2  )  -Ifi'  =   +0".l 

log  q  =  0.123476 

The  constants  for  the  equator  of  1900  are, 

x  =  r[9.970123]  sin(w+  70°  15  59.5) 
y  =  r[9.999348]  sin(i>  +  168  3  35.9) 
8   =    r[9.559528]  sin(t;+   69  57  41.8) 


OF   COMET  cl  1900  | 

PERRINE. 

1900 


Ephemeris  fok  Greenwich  Mean  Midnight. 
1900  True  a  True  8  log  A 

Mar.  22.5  1  50™ 32°  +  8°  27.6  0.354 

26.5  1  48  19  +   9  28.8 

Ift.  Hamilton,  Cal.,  1900  Mar.  2. 


Br. 
0.82 


Mar.  30.5 
Apr.     3.5 


11.5 
15.5 
19.5 

23.5 

•J  7. 5 
1.5 

:<.:< 

9.5 

13.5 

17.5 

21.5 

25.5 

29.5 

1.5 

1.5 


May 


July 

Aug. 


True  a 
l"l<i"l5 

44  18 
42  26 
40  36 
38  17 
36  56 
35  3 
33  6 
31  0 
28  16 
26  18 
23  36 
20  .34 
17  9 
13  16 
1  8  47 
23  40  41 
19  33  28 


GIACOBIN 


True  8 


/). 


+  lo  29.2 

11  28.9 

1 2  28  2 

13  27.5 

14  27.0 

15  27.0 
Hi  27.8 

17  29.8 

18  3.3.2 
19 
20 


21 
23 


;s.i 

45.7 

55.7 

8.6 

24  25.ii 

25  45.6 
27  L0.6 
12  11.3 

+  41   14.4 


log  A 

0.364 

0.369 

0.370 

0.366 

0.356 

0.342 

0.323 

0.299 

0.131 
0.077 


Br. 

0.83 

0.85 

0.87 

0.91 

0.95 

1.00 

1.00 

1.14 

1.81 
1.68 


The  unit  of  brightness  is  that  on  February  3. 


CONTEXTS. 
Double-Stab  Measures,  r.\   W.  A.  Cogshall. 
Observations  oi    Comet  e  IS99  V,  by  C.  D.  Perrine. 
Observations  of  Comet  a  1900  (Giacobini),  by  C.  D.  Pebrine. 
Elements  and  Ephemehis  of  Comet  a  1900  (Giacobini).  by  C.  D.  Perrine. 
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POSITION    OF   THE    EQUATOE    AND    II 
PROM   THE   PERTURBATION   OF 

Eh    STIMSON 

An  abstract  of  the  following  paper  was  read  at  the  Third 
Annual  Conference  of  Astronomers  at  the  iTerkes  Observa- 
tory in  September,  1899.  I  had  hoped  before  publishing 
the  results  to  include  two  more  recent  series  of  obser\  ations 
of  the  Lick  and  Yerkes  for  1899.0,  bul   have  not  been  able 

to  do  so.     Owing  to  the  slow  change  of  the  orbil    pi; 

but  little  improvement  could  be  expected,  until  the  lapse 
of  several  years.  For  the  same  reason  there  is  bul  Little 
gain  in  repeating  the  observations  of  the  satellite  every 
year.  Once  in  three  or  four  years  will  in  time  furnish 
sufficient  material  for  a  more  thorough  solution  of  the 
problem. 

Eighteen  determinations  of  the  orbit  of  Neptune's 
lite  have  been  made  from  as  many  series  of  observations, 
extending  from  1848  to  1898.     owing  to  the   posit 
the  planet  and  of  the  plane  of  the  orbit,  and  the  location 
and  small  size  of  the  telescopes  employed,  the  results  of 
the  earlier  series  of  observations  are  very  discordant.     Un- 
til the  publication  of  the  results  oi   the  26-inch  eq  i 
of  the  U.S.  Naval  i  (bservatorj  ,(a)  from  observations  extend- 
ing ii'iin   1873  to  INN.".,  it  had  not  been  possibli 
certainty  that    the   orbit    plane    was   slowlj    changing  its 
position. 

M  m:i  ii  i  i  first  called  attenl  ion   to  I  In  j    pro- 

gressive nature  of  these  changes,  which  were 
be  ascribed  to  systematic  errors  of  observation,  but  attempted 
to  assign  no  i  ause  for  the  phenomenon.     The  dal 
by  Makth,  by  a  skillful  discussion  of  the  problem,  enabled 
Tisser  \M'  to  show    thai   the  mot  ion  could   bi    ea  sily  and 
naturallj  explained  1>\  the  assumption  of  a  moderate 

e pression  of  the  planet.(s)     From  the  elements  of  the 

orbit,  for  the  epochs  L852,  L864,  187  l  and  Inn:;,  he 
liniitu,  Eor  the  position  ol   the  equator  ol  Neptune 

and  the  '    ponding  flattening  of  the  plauet      His  dis- 

(!)  Washington  Observations,  1873,  1881,   \    pendix  I. 
(*)  Monthly  Notices,  Vol.  46,  p.  504. 
i  i  './,'..  Vol.  107.  p,  804. 


ATTENING    OF    Xh'/'TI  \L\    DERIVED 
THE   ORBIT   OF    [TS    SATELLITE, 

J.   BROWN*. 

cussion  was  based  upon  the  assumption  of  uniform  u 
of  tie  mployed,  and  gave  the  following  results 

for  the  flattening  of  the  planet,  corresponding  to  tl 
inclination  of  the  satellite's  orbit  to  the  equ  I 
Neptune. 

Inclination   20      flattening  >  „'. 
25  -  >T45 

30  ••  >,',,, 

The  period  of  revolution  of  the  pole  of  th< 
orbit  about    the    polar   axis  of  the  planet  woull 
■ 

Hi  km  \\  Si  ki  \  i  ., '  i  a  few  \  ears  later,  published  a  memoir 

on  the  satellite's  orbit,  giving  with  his  accustomed  fchor- 

discussion   of  all    the   material   then   available. 

This  included  four  series  of  observations  by  himself  with 

[kowa  30-inch   refractor,   extendi] 
1  sol',  and  one  bj   Asaph  Hall,  Jr.,  in   1892  3,  with  the 
Washington  26-inch.     Although  the  period  was  th 
eluded  that  the  motion  of  th< 
ntlv   uniform,   and   that   hen 
made  in  further  defining  the  limits  sel  by 
wo. 
In  the  further  discussion  of  the  subject.  I  ha  i 
Of  the  material  presented  in    Sn;i  \  l  '-   Memoir,  in  addition 
to   the  orbits   resulting   from    Prof.  Bakxard's 
with  the  i'erkes  tele-,  ope.  and  from  thi 
myself  with  the  26-inch  oi    the   Naval  >•  1 

tried  first  to 

tions  of  the    Bonds,  0   Stkuvi    and    Lassi  li.,  but  i 
ended  in  accepting  the  conclusions  reached  1  ■>  S 

The  following  tabular  statement 
the  satellite's  orbit,  A  being  the  longitudi 


(i)JM  i 

tome  42,  ' 

Jour.,  Vol.  10,  pp.  IT  and  65 

.     \  el.   20,    No.    173. 


s 


is: 
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/  tlir  inclination  referred  to  the  Earth's  equator  at  the 
epoch  of  the  observations.  The  column  (C  0)  ]  gives 
the  residuals  resulting  from  the  following  formulas,  de- 
rived l>\  the  method  of  least-squares,  after  reducing  tin 
observed  As  to  bhe  equator  of  I860,  by  the  formulas 
/A  o.u'.ii/;  the  change  in  fdue  to  precession  i  too 
small  to  be  taken  into  account. 


y  =  a„+  itNt  +  .,  /  \ 

/  =     /„  4-  //,  /    I   ',    /  / 

t  =  i  [874.5      y 
2V„  =   182°.785       t  0.103 
./j.V  =    H0.1444        b  0.0047 

/  A         t  0.00171  I  ±  0. 59 


/„=  121.73G 
/,/  =  -   0.1739 
/.,/  =  +0.001  V 


I  0.100 
i  0.0046 
i  0.00058 


( Ibserver 

Mean 
Epoch 

,v 

i 

C- 

-O 

C- 

-o 

/ 

(i) 

(2) 

(4) 

0.45 

Ml 

(2) 

(3) 

>U 

Bond 

1848.3 

L78.37 

0.86 

+  0.98 

+  1.11 

1  1.34 

'  1  23 

125.05 

,  +  1.70, 

+  1.61 

t  1.49 

■   1  :;7 

1  Bond 

1848.3 

i  [80.00) 

-0.6o 

0.52 

0.29 

0.40 

1 126.24  i 

+  0.57 

i  0.42 

I  0  30 

+0.18 

(  >.  SI  ru\  e 

L  848.6 

L82.39 

t.ob 

3  02 

-2.S7 

2.6  i 

—  2.75 

126.24 

0.  IS 

t  ,,  52 

l  0.36 

+  0.24 

+  o.l:; 

Lassell 

1-849.8 

L76.70 

0.50 

'  2.82 

+  2.94 

+  3.17 

■  3  06 

[26.55 

0.21 

0.04 

0.18 

0.30 

0.42 

Lassell 

1852.9 

L79.02 

0.59 

-l  0.84 

+  O.H7 

+  1.18 

+  1.07 

126.21 

0.39 

0.38 

0.45 

0.55 

0.68 

o.  Struve 

1863.6 

181.33 

n.77 

0.10 

0.01 

+  0.1  1 

+  0.02 

124.22 

0.32 

—0.52 

0.49 

0.56 

-0.07 

Lassell 

1864.5 

is]  65 

0.42 

o:;i 

0.20 

0.15 

o  is 

124.19 

0.28 

-0.64 

-0.63 

1101, 

0.81 

New  riilnli 

1874.5 

L83.03 

0.14 

o.2l 

-0.11 

-0.03 

0.16 

121.70 

0.10 

+0.04 

f  0.09 

+  0.04 

mi,', 

Hall 

LS76.3 

is:;. I? 

0.33 

-  0.  lo 

-0.26 

-0.20 

0.32 

[21.64 

0.19 

-0.2] 

-0.16 

0.20 

-0.30 

Holden 

1876.5 

182.79 

0.30 

+0.30 

+  0.45 

+  0.51 

+  0.39 

121.01 

0.18 

+  o.:;.-, 

+  0,11 

1  0.37 

+  0.26 

Hall 

1882.1 

184.05 

0.15 

—0.05 

+  0.11 

+0.13 

0.00 

120.03 

o.ll 

+0.43 

+0.49 

+0.45 

f  o.:;:; 

Hall 

1883.8 

L84.67 

0.21 

-0.39 

-0.21 

-0.20 

-0.34 

120.13 

0.23 

+0.05 

+  0.12 

+0.09 

o.oi 

II.  Struve 

1S87.6 

IS  LIS 

0.15 

+  0.47 

+  0.65 

+  0.63 

1  0.49 

[19.38 

0.13 

+  0.21 

r-0.28 

+  0.24 

+  O.10 

H.  Struve 

1889.0 

L85.05 

0.11 

+  0.14 

+  0.32 

+  0.30 

+  0.16 

1  19.53 

0.09 

-0.10 

-0.09 

-0.11 

-0.21 

H.  Struve 

1890.6 

[85.51 

0.12 

-0.03 

+  0.16 

+  0.12 

-O.02 

119.26 

0.10 

-0.13 

-0.05 

-0.07 

0.17 

H.  Struve 

L892.6 

L85.56 

0.18 

+  0.29 

+  0.47 

+  0.41 

+  0.27 

119.06 

0.15 

-0.23 

-  0.15 

-0.17 

-0.27 

A.  Hall,  jr. 

1892.0 

is.-,.  7:: 

0.45 

+  0.01 

+  0.19 

+  0.14 

0.00 

[18.55 

0.45 

+  0.37 

+  0.41 

+  0.4:; 

+  0.33 

Barnard 

1898.0 

187.22 

0.17 

-0.35 

-0.16 

-0.26 

-O.IO 

[18.16 

0.15 

-0.10 

-0.02 

-0.04 

-0.13 

Brown,s.j. 

1898.0 
1905.0 

1910. 

186.70 
(188.13) 
(189.12) 

0.15 

+  0.17 

+0.36 

+  0.26 

+  0.12 

11 7. so 
117.10 
11 6. 50 

0.14 

+  0.26 

+  0.3 1 

+  0.32 

1  0.23 

'These  values  of  .V  and  /  result  from  Bond's  discussion  of  his  own  observations. 


The  elements  for  the  first  five  epochs  were  given  a  weight 
of  \.  except  Bond's  value  of  /,  which  it  was  found  neces- 
sary to  reject,  for  reasons  to  be  given  later.  Although 
these  residuals  indicate  but  a  slight  gain  in  representing 
the  motion,  this  is  due  to  the  presence  of  large  systematic 
errors  in  the  early  observations,  and  to  a  certain  extent  in 
the  later  ones. 

In  a  consideration  of  the  causes  producing  the  motion  of 
the  orbit  plane,  the  u  fleet  of  the  Sun  and  the  neighboring 
planets  may  be  neglected,  as  it  amounts  to  less  than  0°.10 
per  century  in  N,  and  still  less  in  I.  The  existence  of  an 
unknown  satellite  of  sufficient  size  to  produce  any  ap- 
preciable effect  is  very  improbable,  and  it  may  safely  be 
assumed  that  the  equatorial  protuberance  of  the  planet  is 
the  sole  cause  of  the  phenomenon.  Upon  this  assumption 
the  equator  of  the  planet  becomes  the  invariable  plane 
upon  which,  in  accordance  with  well  known  law,  the  node 
of  the  satellite's  orbit  plane  will  move  with  a  uniform 
retrograde  motion,  while  the  inclination  of  the  two  planes 
will  remain  constant. 


The  analytical  expression  of  this  law  is 

d6  ,  dy 

sin  v  —    =   r     and  ,'   =   O 


dt 


It 


in  which  6  is  the  longitude  of  the  node,  and  y  the  inclina- 
tion of  the  satellite's  orbit  referred  to  the  planet's  equator 
as  the  invariable  plane. 

In  the  spherical  triangle  formed  by  the  planes  of  Earth's 
and  planet's  equators  and  that  of  the  orbit,  these  expres- 
sions become 


in  y  — -    =   cos  f  sin  IS X—  sin  ipSl 


dt 


dt 


=   sin  <p  sin  1SN  +  cos  \j/BI 


(a) 


in  which  ip  is  the  distance  betwTeen  the  orbit's  nodes  upon 
the  Earth's  and  planet's  equators. 

From  the  second  of  these  equations,  we  have 

dl 


tan  ill   =    — 


sin  ny 
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and  \p  is  to  be  taken  in  that  quadrant,  which  by  its  substi- 
tution in  the  first  equation  will  make  the  value  of  sinydd 
negative  with  respect  to  the  motion  oi'  I  in  its 

orl>it  ;  in  this  case  it  is  positive  o 
mi  it  ion  of  t  he  satellite. 

[f  the  actual  mot  ion  of  theorbil  plane  is  correctly   repre- 
sented by  the  formulas  (a)  and  (b)  derived  above,  the 
of   sin  yi/0   for  the  various  epochs  will  !«•  nearly  the  sunn-. 
depending  on  the  accuracy  of  the  elements  employed.     It 
was  only  bj  the  rejection  of  Bond's  value  of  /. 
by  Si'i.'i\  i:.  thai  the  results  could  be  made  al   ill  accordant. 

It  is  interesting  in  this  connection  to  note  thai  the  ele- 
ments derived  by  Mr.  (i.  P.  Bond  (J)  from  the  same  obser- 
vations, upon  the  assumption  of  direct  motion  of  tin- 
satellite,  when  account  is  taken  of  the  retrograde  motion, 
are  in  substantial  agreement  with  the  theory  derived  in 
this  paper.  The  details  of  work  are  nol  given,  and  I  have 
been  unable  to  reproduce  his  results.  It  is  also  surp 
that  the  mean  distance  of  the  satellite  which  he  derives, 
lii". .'Hi.  is  very  close  to  tin-  final  value  derived  from  a  dis- 
cussion of  all  the  later  values  derived  from  observations 
with  the  most  powerful  instruments. 

From  the  values  of  A"./,  IX,  1-1  and  c.  for  the  first  and 
last  epochs,  there  is  easily  derived  the  following  elements 
of  the  equator  of  Neptune  referred  to  the  Earth's  equator, 
1850.0: 

N  -  -Y, 

y 

6  -  X 

-Y, 

With  the  assumed  elements  of  the  equatoi  of  NepUnu 
for  1850,  thus  derived,  and  16  =  0  .69,  the  annual  motion 
of  the  node  of  the  orbil  on  the  equator  oi  Neptune,  the 
values  of  N  and  J  for  the  various  epochs  are  easily  com- 
puted; the  comparison  of  these  with  the  corresponding 
values  derived  from  observations,  gives  the  residuals 
(C  0)11.  These  furnish  the  basis  for  the  correction  of 
the  assumed  elements  of  Neptune's  equator  and  the  orbit 
of  the  satellite  by  means  of  the  linear  equations: 

sin  /8.Y  =  sin  i/<8y  -  cos  /  sin     \        \    |8J     • 

+  /    eosev    sin  yS  IK  COS  \ji   +"  '  .  ' 

8-/  =  cos^Sy  +  cos  i  .V—  -Y0)S,/0  -  sin./,  (sin-   . 

—  t  sini/<  siny  8  16  +  sin  <i,  i  sin  yS-A^) 

Weights  were  given  to  equatioi bion  varying 

from  |  for  the  earlier  epochs  to  14.  for  the  most  oi  the  later. 

With  the  exception  of  the  < id to  In.  the  results  have 

hut  little  weighl  owing  to  the  small  variation  in  the  coeffi- 
cient.     The    residuals    in    (C  — 0)111   result   from    till 
parison  "l  t be  valu  ed   from  the  co 

ic.  American  A.  ,,,1,  mi/.  Vol.  1 1,  p.  186. 


with   the  corresponding  value 

t her  with  those  which  will  n 

to  zero  the  residual-    C      0    III  in  both  N and 
to  1898,  are  as  foil 

<  lOBKl  '   I  1  I.    El  I  H 


1848.3 

1898.0 

1850 

L57.60 

164.66 

18.96 

r.t  iL' 

19.04 

I7.SS 

17.96 

L7.92 

96.47 

131.27 

97.58 

21.1  1 

21.74 

in 

IV 

y 

L7.84 

19.38 

19.50 

ilution 

16 

+0°.6770 

of  the   '.. 

a 

97.1  1 

97  25 

531  ■ 

■V 

22.02 

21.82 

The  first  set  thus  represents  a  close  approximate 
the  two  elements  of  Neptune's  equator  and  the  position 
and   motion  of  the  orbit  plane.      At  the  epoch  1900 
position-angle  of  the  polar  axis  will  d  the  plane 

of  the  equator  of  Neptune  will  make  an  angh-  of  —21 
the  line  of  sight. 

\  confirmation  of  these  conclusions  is  furnished,  by  the 
apparent  increase  in  the  mean  motion  of  1 1  when 

derived  from  values  of  u,  the  angular  disl 
Lite  referred  to  the  movable  node  on  thi    / 
The  following  values  have  been  derived: 


Newcomb, 

Hall. 
Struve. 


61.25679 

61.2574208 

61.257428 


L874.5 

1  v 


The  results  of  the  '98  observations  indii 
value.     The  increase  is  naturally  explained  by  the  pi 
sive  increase  in   IN.     By  referring  u  to  the  mo\ 
theorbil  mi  the  planet '-.equator,  the  mean  motioi 
lite  will  be  affected  by  a  constant  amount.     This  is  readily 
done  1>\  subtracting  from  the  value  b  epoch  the 

corresponding  value  of  <.'.     The   res  t-square 

solution  for  //.  when  derived   Eron  .    .  i>  shown 

ring  tabular  statement.     The  valui  taken 

from  the  corrected    element-  .III       I     \  equator 

given  above. 


ii 

c      O)  Ii 

L848 

July  0.0 

74.26 

1.26 

320  20 

1  67  i 

1 852 

264  00 

196  77. 

1864 

July  (U> 

221  59 

K'.l  1  1 

319.20 

0.67 

1874 

Julj  0.0 

318.52 

' 

L876 

Jul]  0.0 

1 52. 1 1 

317  '.'7 

1876 

July  0.0 

152.53 

318.50 

1882 

160.1  l 

109.66 

0.07 

1884 

Jan.  0.0 

3 

189.03 

318.86 

1887 

Aug.  0.0 

34  99 

317.99 

1889 

Jan.  0.0 

195.44 

l  is  86 

1890 

' 

261.06 

215.38 

1892 

Jan.  0.0 

.•111'.  71 

1892 

10  1" 

318.54 

0.01 

309.10 

1898 

dan.  0.0 

309.18 

267  67 

318  71 

s 

IS  J 
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V     17'.. 


i,  =  61  2590506  which  corrected  for    Wcosy  =  0°.00176 
becomes  «  =  61.25729. 

This  is  nearer  the  true  mean  daily  motion  of  the 
lite,  but   it  differs  so  little  from  Steuve's  value  that  the 
latter  maj  be  safel]  retained  I'm'  the  present,  as  the  di 
mass  and  flattening  of  the  phi  net  will  lie  bul  little  improved 
by  the  change. 

Tin'  ni.ii  inn  ni  the  node  oi  the  satellite  on  the  equal I 

Neptune  as  the  invariable  plain'  will  be 

,/e  k 

-  =  —  \ 

,//  ,,-      ' 

where  \  is  the  mean  annual  motion  of  the  satellite. 
Wc  have  further 


/■  —   equatorial  radius  of  the  planet. 
X  =  the  flattening. 

(jf  =   the  ratio  of  centrifugal  force  to  the  attraction 
force  of  the  planet  at  the  equator. 

The  relation  of  q  to  ^  is  given  by  Clairaut's  equation 

x  =  T+  6o- 

where  ,r  varies  with  the  internal  constitution  of  the  bodj 
from  0,  while  the  planet  is  homogeneous  to  +1  when  the 
mass  is  entirely  concentrated  at  the  center.  From  these 
equations  we  get  the  value  of  the  flattening 


,19 


*         3    '   Acos-y   '   a2(l—<r) 

The  equatorial  diameter  of  the  planet  is  given  by  Struve, 
from  13  measures  with  bright  field,  as  2".238,  while  Bar- 
nard from  about  the  same  number  with  the  Lick  36-inch 
derives  2".433,  using  bright  wires.  From  the  fact  that 
Sim  ve's  values  range  from  2".12  with  bright  yellow  field 
to  2".27  with  dark  red.  it  is  evident  that  even  with  a  faint 
disk  like  Neptune's  the  irradiation  causes  the  measured 
diameter  to  be  too  large.  The  difficult}-  of  placing  the 
center  of  the  micrometer  wire  on  the  edge  of  the  planet's 
disk  may,  however,  easily  introduce  a  systematic  error 
sufficient  to  explain  the  difference  between  those  two  fine 
determinations.  There  is  no  doubt  that  the  previously  ac- 
cepted diameter,  2". GO,  given  in  standard  works  in  astron- 
omy, is  much  too  great. 

The  value  of  a,  the  mean  distance  of  the  satellite,  noticed 
later,  is  16.308,  from  the  weighted  mean  of  all  the  recent 
work  with  large  telescopes. 

Using  the  various  quantities  given  above,  there  is  easily 
derived  the  following  table  of  the  value  of  the  flattening 


corresponding  to  assumed  values  of  a  and  r.  There  is 
also  added  the  corresponding  period  '/'of  rotation  of  Nep- 
i,i,i,.  which  is  readiU  deduced  from  the  formula 


i 


!■    =     1.10 

1.20 

a 

1 

X 

/ 

1 

/ 

0.0 

85  1 

h 

20. 1 

101.3 

b 

25.3 

0.2 

68.0 

20.0 

81.0 

24.9 

0.3 

59.5 

17.7 

70.9 

22.0 

0.4 

51.0 

L5.6 

60.8 

19.4 

0.5 

12.6 

13.6 

50.6 

16.9 

0.6 

34.0 

11.7 

10.5 

1  1.5 

0.7 

25.5 

9.8 

30.4 
0.776 

12.1 

Saturn 

(7 

Jupit 
Eartl 

a 
a 

0.63 
0.18 

Mars 

a 

0.12 

The  mean  density  of  Neptune  will  lie  between  1.11  and 
1.83,  varying  with  adopted  angular  value  of  his  radius 
from  1".20  to  1*10.. 

From  a  general  consideration  of  the  relation  ot  density 
to  the  constants  ^,  <i  and  cr  for  those  planets  in  which  these 
quantities  are  known,  we  may  infer  a  limit  between  which 
the  value  of  o-  for  Neptune  will  probably  lie,  8  being  the 
mean  density. 


for  Saturn, 

a  =   0.78 

8  =  0.75 

Jupiter, 

o-  =  0.63 

8  =  1.38 

Nt  ptune, 

tr  =  0.  '.' 

8  =  1.83 

Earth, 

tr  =  0.18 

8  =  5.66 

Mars, 

<r  =   0.12 

8  =  4.17 

The  low  mean  density  indicates  that  Neptune  is  still 
gaseous,  like  Jupiter  and  Saturn,  but  that  the  process  of 
condensation,  due  to  radiation  of  heat,  has  progressed 
further.  The  development  in  this  direction  is  still  far  be- 
hind the  Earth's,  so  that  it  seems  reasonable  to  infer  that 
the  constant  <r  in  the  case  of  Neptune  is  smaller  than  that 
of  Jupiter,  say  0.5.  The  flattening  and  period  of  rotation 
corresponding  to  this  value  is  given  in  the  table.  1 1.  Srr.r  \  e 
in  his  measurements,  found  for  the  diameter  in  position- 
angle  235c  2".183,  and  at  right-angles  to  this  2.238,  corre- 
sponding to  the  minor  and  major-axis  of  the  satellite's 
orbit.  This  gives  \  —  -*»  >  *u  f'l°se  agreement  with  the 
number  which  I  have  found  for  radius  1  ".10. 

The  mean  distance  and  mass  of  the  planet,  correspond- 
ing to  the  later  observations  with  large  telescopes,  is  given 
in  the  following  tabular  statement. 
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Newcomb 

L6.275 

b  0. 018 

M19383 

±    64 

+  935 

Holden 

L6,598 

t  0.035 

M18273 

±  1 25 

_ 

165 

Hall  75-77 

16.482 

t  0.033 

18662 

bll8 

_ 

243 

Hall  S]    82 

16.368 

r  0.022 

19054 

i  079 

86 

_ 

Hall  83-84 

16.263 

±0.028 

19425 

±100 

125 

_ 

StruveNC   93 

16.271 

±0.012 

19396 

±    43 

2112 

Hall,  Jr. 

16.602 

±0.072 

18260 

±  257 

_ 

111 

Barnard 

16.224 

i  0.028 

19565 

±  Km 

565 

_ 

Brown 

16.270 

±0.026 
±0.0074 

L9399 
19269 

±   93 
±   26 

163 

819 

k;.:;os 

1615 

819 

3796 

The  mean  distance  and  mass  derived  from  the  leasl  square 
solution  of  the  above  results,  weighted  sti-ictlj  according 
to  the  corresponding  probable  errors,  is 

U.S.  Naval  Observatory,  Washington,  1900  January. 


a   =-    : 

-    -      19.26! 

/'■ 

The  value  of       derived  from   N  > 

1  19261 

The  values  of  N  and  /  for  1905  and  1910  refi 

i  ii.es  respectively,  are  computed  fr<  ra  the 
corrected  elements  111  of  the  plai 

added   for  convenience    in    the   dis  *  and 

future  observations  of  the  satellite. 

I  am  under  obligations  to  Mr.  M.  E.  Pobtei 
istance  in  the  formal  ion  and  solution  i 
t imis  of  condil  ion 


FINDING    EPHEMERIS   OF    EROS, 

Bl    .1  Wll>    B.   \\  l>  I  II  W  M: 


The  following  ephemeris  of  Eros  is 

computed  with  the 

Date 

a 

8 

log  4 

Hag 

elements  given  by   Hi  \i.\ 

Norris  Eti  ssi  i.i   in  A.J. 

17.:. 

May    13 

h 

23 

2«i" 

13.1 

i 

[6 

Is 

o  29679 

15 

23 

24 

24  9 

ii 

13 

35 

o  29234 

L3.2 

I'm;    ( 1  i.i.i  \  w  i 

1  II    M  i:  \.\   M  ll>\  I  ■ .  1 1  r. 

17 

23 

28 

-  0 

Ki 

11 

0.28780 

Date                     a 

8 

log  A 

Mag. 

19 

23 

31 

15  8 

+   0 

23 

22 

0 28319 

13.2 

21 

23 

35 

II 

57 

4 

n  27849 

Aprif  1         21  58m50".0 

-12°  11    23 

0.37222 

13.6 

23 

23 

39 

3.3 

1 

30 

'i.'i 

0.27370 

13.1 

.'!        22     2     7.:; 

1 1    42  26 

0.36938 

25 

23 

12 

in  .8 

2 

4 

~i~< 

0.21  - 

22     7     2.9 

1  1    13  13 

0.36646 

l: 3.6 

27 

23 

16 

1  7.5 

L' 

39 

1 

0.26387 

13  1 

7          22   11      7.0 

Ki  43   II 

0.36347 

29 

23 

19 

53.3 

3 

13 

22 

0.25883 

9         22   15     9.5 

in  14     2 

0.36041 

L3.6 

:;i 

23 

53 

28  l 

3 

17 

Is 

0.25370 

13.0 

1 1         22  19   Hi.*'. 

'.i   1 1     5 

0.35728 

June 

2 

23 

57 

2.0 

l 

22 

09 

0.24848 

L3        22  2:;  10.3 

9  13  5  1 

0.35408 

13.5 

1 

(i 

0 

36  l 

1 

57 

6 

0.24317 

12.9 

15         22  27     8.8 

8  43  29 

ii  35180 

6 

ii 

4 

S.7 

5 

31 

57 

0.23778 

17         22  .".I     5.9 

8   12  50 

0.34745 

L3.5 

8 

ii 

7 

in. 7 

6 

6 

57 

M  23230 

1 2  '.' 

19         22  35     1.9 

7   11  59 

0.34  102 

in 

ii 

11 

11.9 

6 

12 

6 

0.2267  1 

21         22  38  56.6 

7  in  :,:< 

ii  34051 

13.5 

12 

ii 

1  1 

12  5 

7 

i; 

.1 

0.22108 

23         22    12  50.1 

6  39  39 

0.33693 

11 

(» 

18 

12.1 

7 

52 

51 

0.21533 

25         22    16    12.5 

6     8  11 

0.33327 

13.4 

ic. 

ii 

21 

11  .7 

8 

28 

27 

0.20949 

12.7 

27         22  5u  33.6 

5  36  .".1 

18 

ii 

25 

in.:; 

9 

1 

12 

0  20355 

29        22  5  1  23.6 

5     1    10 

0.32571 

13.4 

20 

i» 

28 

38  i 

'.i 

lo 

5 

0  L9752 

12  7 

M;i\       1         22  58   12.4 

1  32  38 

0.32182 

22 

(i 

32 

in 

16 

8 

0.191  in 

23     2     0.1 

1     (i  25 

0.31784 

l:;.  I 

2  1 

n 

35 

31  8 

in 

52 

I'.i 

0.18518 

12.6 

23     5   16.7 

3  28     2 

0.31379 

26 

(i 

38 

57.5 

11 

28 

39 

0.17886 

7         23     9  32.3 

2  :>r,  29 

0.30966 

13.3 

28 

ii 

12 

22.  1 

12 

5 

R 

0.1724  l 

12.5 

!>         23   13   16.9 

2  22   15 

0.30545 

30 

(i 

15 

16.6 

12 

11 

17 

n  16593 

1  1         23  17     0.5 

-    1    in  52 

0.301  L6 

L3.3 

July 

•> 

0 

I'.i 

ro.o 

is 

34 

0.1  ' 

1  2  5 

Univi  rsity  ttf  \><  nrx  r,   1900  March  '■'. 

MOTION    OK 


THE    PERIHELION    OF 

Bl    A.    II  \l.l  . 


MERCUR V 


The  eclipse  of  the  sun  <>u   May  28th  will  give  an  o] 
tuuitj  of  applying  the  improved  photographic  methods  to 
a    earch  for  intra-mercurial  planets.      Utl  ough  the  proba- 
bility of  discovery  is  small,  it   is  to  be  hoped  the  attempt 
will  be  made, 


The   explanation    of   tin-    motion    of    the    perihel 
Mercury  from  the  figure  and  constitution  ol  the  sui    - 
to  me  verj    unsatisfacti 

p. .Initial.     15       I        .   I     '■  re  I  1  I.   Art.  36,    Lapi  ki 
the  motion  of  the  perheliou  of  a  planet, 


186 
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St  =   (p-ii) 


D 


p  nrni  1  fche  flattening  of  1  tie  sun,  g  1  he  rai  io  ol  1  he  cenl  rii 

agal   Force    to  gravity   .11  fche  sun's  equator,    l>  fche  semi- 

diameter  of  fche  sun.  and  a,  n,  fche  mean  distance,  and  mean 

motion  of  fche  planet.     In  this  value  of  n*  fche  declination 

of  the  plauel  with  respecl  to  the  solar  equatoi  is  zero.     If 

we  suppose  the  sun  to  be  a  homogei us  body     p  =  f  q, 

and  the  1  ion  become  . 

/>'■ 

8+    =    1  y    .    -t    .    nt 

Reducing  this  to  numbers  for  ll rbit  of  Mercury,  we 

have 

[900   February  19. 


8,r   =    +  0.012.4/ 

the  uuil  of  t  being  a  Julian  year.     The  observed  motion  is 
fortj  times  greater.     II   the  sun.  like  Jupiter  and  & 
be  more  'lens,-  toward  fche  center  the  above  motion  will  be 
less.     Another  force  maj  arise  from  fche  solar  corona,  bat 

IV what  we  know  of  tins  appearance  its  probable  effect 

musl  be  < erj  small. 

Lgain,  the  time  of  rotation  of  the  sun  on  its  axis  is  so  great 
thai  if  we  compute  the  Battening,  under  the  assumption  of 
homogeneity,  it  is  LOO  times  smaller  than  that  of  the  earth. 
'Tins  agrees  with  observations  which  show  no  sensible  flat- 
tening. 


OBSERVATIONS  OF  COMET  1899  I. 


Mil       l.li    K 


IKVATOBT    OF   THE    UNIVERSITY     OF  CALIFORNIA, 

Q.   I).  PERRINE. 


N< 

<t 

-* 

a/'s  apparent 

log  pA 

Tele- 

1899 Mt.  Hamilton 

M.T. 

* 

1     (  :diii]>. 

Ja 

<8 

a 

8 

fiiru       1     for  & 

scope 

May  11    15  21 

18  15  13 

19° 

1 

lit 

6 

+  1 

L52 

-3  11.9 

h      . 

23  23 

49.76 

+  33 

19  24  7 

.,0.727        0   197 

36 

10 

•> 

IO 

8 

-0 

13.43 

-2  51.0 

22  29 

34.74 

+  11 

26     4.1 

,,9.710       9.898 

■a; 

19  1  1   13 

15 

;; 

8 

0 

+  1 

41.84 

+  2  41.0 

22  18 

34.68 

+  40 

I    L5.6 

,,o.7lo       9.934 

36 

20  15     6 

40 

4 

rflO 

s 

—  0 

10.41 

-2  25.0 

22    5 

7.2.72 

+  47 

40  12.6 

a9.700     a8.602 

36 

dune    6    13  41 

47 

5 

1    10 

6 

+  2 

54.72 

+  3  36.0 

16   211 

16.39 

+48 

59     3.2 

9.622 

/.O.OOS 

12 

7    13   ."il 

r> 

dlQ 

8 

+  0 

2.09 

+  8  19.8 

16     7 

56.19 

+  47 

22     9.0 

0.02.-. 

,,0.000 

12 

8  13   IT 

50 

./IO 

8 

—  0 

17. 29 

-1   31.0 

15  56 

16.98 

+  45 

42  40..-) 

9.680 

9.301 

12 

26   13  20 

52 

8 

,/IO 

8 

—  0 

6.12 

+  5  16.6 

1  1  28 

58.47 

+  2.4 

41    14.0 

0.7112 

0.637 

12 

July     1    12  31 

7 

9 

,/IO 

s 

_o 

.44.27 

-1   12.5 

14   IS 

25.23 

+  1S 

12   18.1 

9.681       0.658 

12 

5  11   54 

36 

10 

10 

8 

— 0 

13.02 

+  4  34.8 

1  1    17 

35.19 

+  17 

38  .44.7 

0.001       0.633 

12 

11    in  53 

36 

10 

8 

_ 0 

33.03 

+  0  47.4 

9.623       0.631 

12 

13   1 1    34 

4:! 

12 

10 

8 

— 0 

8.70 

+  4  18.0 

14  13 

7.03 

+ 1 3 

12    11.7 

0.004       0.671 

12 

15  10  19 

4S 

13 

II) 

8 

+  i 

13.90 

-0  21.7 

14   12 

33.54 

+  12 

53  14.2 

0.001       0.635 

36 

23     9  26 

55 

14 

,/IO 

8 

-0 

13.83 

+  0   14.S 

14   11 

11.12 

+   9 

59     8.1 

9.566 

0.651 

36 

30     8  53 

14 

l(i 

,/10 

8 

-0 

10.24 

-0     0.4 

14   12 

31.88 

+   7 

52  58.7 

9.550 

0.667 

36 

31     8  30 

40 

18 

./IO 

8 

+  0 

12.29 

-0  36.0 

14   12 

13.79 

+   7 

36   HI 

O.r.17 

0.665 

36 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


0 

. 

liel.  Io 
app.    Ol.irr 

b      m 

23  22 

43.97 

+ 1.27 

+33 

22   30 

10.00 

+  1.57 

+  44 

22  16 

51.20 

+  1.64 

+  40 

22     6 

1.44 

+  1.00 

+  47 

16  17 

18.38 

+  .4.29 

+  4S 

16     7 

50.82 

+  .4.2S 

+  17 

15  56 

.40.00 

+  3.28 

+  45 

1  1   29 

1.53 

+  .4.00 

+  23 

1  1    IS 

56.52 

+  2.98 

+  18 

14  IS 

15.24 

+  2.97 

+  17 

14  14 

21.8 

+  2.93 

+  14 

11    L3 

12.83 

+  2.00 

+  13 

14  io 

40.7S 

+  2.S0 

+  12 

1111 

55.42 

+2.83 

+  9 

14  10 

10.11 

+2.82 

+  9 

14   12 

39.37 

+  2.75 

+   7 

14  14 

7.83 

+  2.70 

+    7 

14  12 

2S.70 

+  2.74 

+    7 

14     S 

53.15 

+  2.72 

+    7 

Mean    Plans  for   1899.0  of  Comparison- Slurs 
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Aurhoritv 


Leiden  A. (J.  Zone  224,  .420 
Deichmiiller,  Bonn  A.G.  16888 
«         ••      10022 
«  ■•  •■      10424 

«         «     10481 
»  ••         «     10383 

«         •■     L0259 
Becker,  Berlin  A.G.  5099 
Auwers,  Berlin  A.G.  5203 
«         «      5100 
DM.  +  14°2723.     Mag.  9.3 
Weisse's  Bessel  1S8 
»       136 
11 M.     Connected  with  *  1  5 
Weisse's  Bessel  126 
12".      Connected  with  *  1  7 
Leipzig  II,  A.G.  6663 
13SI.      Connected  with  *10 
Leipzig  II,  A.G.  60 1.4 
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In  No.  (B4  of  this  Journal  I  have  published  measures  of  the  second 
nucleus  which  developed  in  this  comet  previous  to  May  11.  The 
following  measures  complete  the  series  on  the  secondary  nuclei  ol 
this  comet  : 


Greenwich  M    D 

Mag 

iltudes 

1899  M.,\   18.86 
19.97 
20.98 

246.4 

243.4 
•J41.li 

25.2 
26.5 
29.4 

9.0 
9.5 
9.5 

11.0 

1 1.0 
11.5 

The  cornel  was  again  examined  on  May  'J'',  but  under  ] r  con- 

ditions,    there   being  a  nearly  full  moon,   and   rather  pool 
Following  arc  my  observing  notes:     "Whole  comet  is    verj    much 
fainter.     Nucleus  is  sharp,  and  10"  or  lOi".     Cannot  be  certain  of 
the  second  nucleus." 

The  cornel  was  next    ohserveil    on   .1  mic  :'„],  when  the   nucleus  was 

of  the  9".0,  and  very  sharp.  The  second  nucleus  was  nol  seen,  but 
a  slight  brightening  in  the  head  about  I'  south  of  the  nucleus  was 
suspected. 

i  in  June  iMi.  the  nucleus  was  stellar  and  of  8".5.  Surrounding 
the  nucleus  was  a  bright  condensation,  similar  to  that  of  Maj  6th, 
which  was  elongated  smith.  This  feature  was  better  seen  with  a 
power  of  520.  With  the  higher  power,  the  principal  nucleus  re- 
sembled  a  disc  l  '  in  diameter,  A  set  of  measures  at  2-1  *  57  i 
wieh  M.T.,  gave  178  .0  and  23*.4. 

On  June  6th,  7th,  and  8th,  this  appendage  was  measured  with  the 
12-inch  equatorial,  using  a  power  of  150,  with  the  following  results  : 

.V(.   Hamilton,  Cal.,  IWOMarcho. 


•line  I  17<>>  li'.4  ad   12 

7.91  Kiii.l  12.1  1"$ 

155.6  16.2 

On  June  8th,  the  secondary  condensation  » 

■  v.  hat  uncertain,     i 
measure  was  made  with  the  36-inch  refra 


.tune  9.89 


149  .0 


On  this  date  it  was  noted ae  "an 
from  the  nucleus  rather  than  a  separate  condi  at 

•  m  .1  line  26th,  the  cornel  had  I 
than  10".     The  nucleus  was  estimated  at  IS 
li'th.    Brightest    nucleus   estimal 
18th  Comet   4".  —  20th,   Bead 
■/></.•  4th.  i  lomel  fnl  •  fully 

■V.      26th,  Comet  2' in  diameter. -    July  Ith,  Comet    11' 
I';  very  faint  nucleus.  -    5th,  Nucleus  very  faint;   13".       Illl 
l '  "t-  U'in  dia  k»prjl»;  faint  n 

1 1th,  Comet  not  brighter  than 

10     15"  dia ter;  condensat  ion 

i  ni  nucleus.      31st,  I 
July  1  lth,  the  observed  distani 
and  DM.  +14  2718,  mag.  6  - 
3Si*.33  .  J8  -f-4'  5'.9,  corrected  for  refraction. 

In  observations  marked  </.   Ja   was  measured   directly    « 
micrometer. 


NOTE  ON  a   \i:\v  method  op 

Bi  EVERET 
In  A.N.  3591  92,  Dr.  Kobold  tinds  the  position  ol  the 
solar  apex,  by  a  modification  of  Bi  >skl's  method,  to  be 
o-  =  269"  40'.8  .  r  =  — 0C  l'.4.  As  this  method  offered 
anew  way  of  treating  the  data  at  hand,  I  made  the  follow- 
ing preliminary  investigation  at  Dr.  Porter's 
The  proper  motion  stars  used  were  so  fundamental  stars  of 
the  Berlin  Jahrbuch  for  which  0".2  <  ts<0".5.  These 
stars  had  already  been  used  to  determine  the  apex  1>\ 
An;\'s  method,  and  the  resultant  position  found  was 
o-  =  284M4  ,  r  =  34°.ll.  Two  computations  were  made 
according  to  Kobold's  met  inn  1.  using  in  each  case  equation 


DETERMINING    THE    SOLAB    APEX, 

T  I.   rOWELL. 

5  i),  bill   omitting  the  term  in  .//..     In  the  6 

he  approximate  position  of  the  a)" 
be     a  =  L'7<»°  ,  r  =  (»=     and    I 
da  =   +0°.03   .    dt  —    +0°.01  ;       ii: 
tion,  the  assumed   approximate  position  of  thi 
a  =  284°  .  t  =   -r-34"     and    I 
iltT  =  — -0°.07  .  </T  =  — 0°.12.     It  would  seem  fn 
i  lut  Kobold's  method  woul 
assumed  position  ol  the  apex,  thus 
position  indeterminate. 

Cincinnati  Observatory,   1900  March  2. 
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\  rOKI  m  . 


\l   Mil        VI       III  I       ILK     OBS1    K\    II" 
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Mt.  Hamilton  M.T. 

* 

No. 
Cornp. 

• 
la 

• 
/S 

r*     s  apparent 

x                    8 

fora           forS 

1899 

June  1 5 

h        ii 

1  1  35 

8* 

1 

rfl0,8 

■fo'"  :;>,.? 

1 27:o 

h         i 

1   23 

47*61 

55  1 

16 

1  1  56 

3 

,/iu  .  8 

+  i)     0.65 

3  35.8 

1   25 

27  81 

Tl'.l    18 

17 

15      1 

13 

5 

./in  .  s 

■I   15.12 

1     0.2 

I   27 

t-  19  36 

21  6 

July    6 

II  54 

36 

6 

10  ,6 

3   15.62 

-1    15.3 

1   .".7 

22.45 

+  26   12 

1 5  8 

7 

11    15 

1 

7 

dlO  .  8 

+  i)  11.46 

+2  54.4 

1   58 

51  69 

1  25  29 

9.1 

0.577 

9 

1  1  53 

59 

8 

,/Ki  .  8 

-n     3.91 

•i-;;  24  8 

2     1 

+  L'C.      1 

in,". 

0.504 

11 

1 5     8 

59 

in 

+0     1.59 

+  1   23.6 

2     9 

24.96 

L5 

L5  L0 

is 

L2 

d  8  .  6 

-0     2.42 

+  (>   17  2 

2  10 

52.97 

«9.615 

Sept.. 'HI 

1 2     8 

29 

1  1 

./in  .  8 

+  0     5.20 

+  -1  28  2 

3     7 

7.62 

+46  36 

1  1 

Oct.   28 

Ii'  59 

1 

16 

./in  .  8 

+0  25.53 

+0    1-  5 

2   II 

1 1  1 15 

+  49  15 

3.3 

9.155 

Nov.    6 

L5   M 

i:; 

18 

1 

+  2  35.3 

+  l-.i     l 

11.7 

(•> 

L5  51 

19 

18 

./  ii 

+  0     5.16 

2  ::n 

Dec  24 

in     ii 

1!) 

19 

,/iu  .  8 

+  0   17  16 

+  3  21.1 

2     5 

16.51 

t  is  ib 

Jan.  20 

1(1     2 

50 

21 

,/  8  .  6 

•  n   10.81 

1    ll. ii 

2  23 

15.27 

|  10   13 

188 
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3/ean   Places  for  1899.0  "ml  1900.0  <</'  Comparison-Stars. 

* 

a 

Red   i.. 
app.  place 

8 

Red.  to 
app.  place 

A  lit  limit  > 

1 

h      ii 

i  23 

42.00 

-HL96 

+  19 

1 

1  i.O 

+  8*1 

10".5.     Connected  with  *2 

1   27 

42.76 

+ 1  .'jr. 

+  1S 

58 

27.0 

+  8.0 

Auwers,  A..G.  Berlin  1 19 

:; 

I  27, 

25. 1 8 

+  1  .'.IS 

+  19 

21 

4  i.e. 

+   8.0 

12".     <  lonnected  with  *  l 

i 

1   27 

21.78 

+  1  .07 

+  10 

"2 

7.6 

+   8.0 

An  wits.  A.< ;.  Berlin  1 1 1 

5 

1   27 

19.97 

+  '.'.00 

+  19 

40 

13.8 

+   8.0 

Auwers,  A.(i.  Berlin  112              [lin  A..G 

633) 

(i 

2     l 

5.52 

+  1'..-..-. 

+  2.-. 

13 

22.S 

-1-  8.3 

j  ,i  rraham,  Camb.  E.,  A..G.  1 138  hBeekei 

Ber- 

i 

1   58 

37.63 

1  2.60 

+  27. 

26 

6.2 

+   8.5 

Graham,  ( lamb.  E.,  A..G.  1  122 

s 

2     1 

57.92 

1  2.66 

+  26 

0 

:;7.1 

+  8.6 

13".     < lonnected  with  *0 

it 

2     1 

5.35 

+2.  <;.r> 

+  21". 

0 

22.8 

+   8.5 

Graham,  <  lamb.  E.,  A..G.  11 55 

10 

i'     ii 

20.58 

+  2.7!) 

+  27 

28 

31.8 

+  8.5 

1 0".     <  lonnected  with  s|cl] 

1 1 

•j    s 

12.74 

+  2.70 

+  27 

28 

.•;:;. i; 

+   8.5 

Graham,  Camb.  E  .  A..G.   1 191 

12 

1'    10 

52.57 

+2;82 

+  27 

16 

lo. I 

+   8.4 

13".     1  lonnected  «  ith  *  13 

13 

2  l:; 

25.43 

+  2:8) 

+  27 

17. 

2.7. 

+  8.4 

Graham,  Camb.  E.,  A..G.  1233 

1  1 

:f  6 

56.53 

+  5:89 

+  16 

30 

21.1 

+  11.8 

13".     Connected  with  *  15 

15 

3     (> 

13.82 

+5.89 

+  4(5 

26 

1.0 

+  11.8 

Deichm filler,  Bonn,  A.G.2693 

16 

2    II 

s.si 

+6.68 

+  4!) 

11 

0.1 

+  20.7 

12M.     Connected  with  >k  1 7 

17 

2  39 

28  1 1 

t  6.68 

+49 

L3 

37.8 

+  20.0 

DeichmUller,  Bonn,  A..G.2349 

IS 

:'  30 

21.09 

+  6.72 

+49 

1 

42.4 

+  24.0 

Deichmilller,  Bonn,  A..G.  2199 

19 

2     5 

23.13 

+  5.92 

+  4:; 

6 

32. 1 

+  33.5 

10".     ( lonnected  with  +20. 

•_'i) 

2    :; 

11.42 

+  5.89 

+  43 

5 

23.9 

+  33.7 

Deichmttller,  Bonn,  A..G.  1832 

21 

2  l'.". 

32.60 

+  1 .86 

+  40 

I  7, 

19.7 

+  17..2 

11".      Connected  with  +22 

22 

1'   24 

26.53 

+  1.S7 

+  40 

17. 

22.G 

+  17).  2 

Deichmuller,  Bonn,  A.( ;.  21 16 

• 

In  observations  marked  d,  do  was  measured  directly  with  the 
micrometer. 

June  15lh,  Comet  not  appreciably  brighter  than  on  June  10. — 
16th,  Cornel  verj  faint.  —  17th,  No  change  in  brightness.  —  July  6th, 
Cornel  slightly  brighter  than  last  observation,  15".  9th,  Comet 
brighter  than  on  July  7th,   14";    has  a  faint  nucleus.  —  14th,  Sky 

Mi.  Hamilton,  California,  1900  M  t.rc/i  in. 


thick  with  haze.  —  lath,  Comet  20"-30"  in  diameter,  I5i";  brighter 
atcenter;  sky  smoky.  —  8ept.  80th,  Comet  141M,  15"  diameter; 
brighter  al  center  but  no  nucleus.  —  Oct.  28th,  Cornel  14",  20*  dia- 
meter; central  condensation  but  no  nucleus.  —  Nov.  6th,  Cornel  15". 
—  Dec.  24th,  Cornel  faint.  16";  diameter  10"-1.V.  Comet  near  a 
14"  star.  —  Jan.  20,  Come!  very  faint,  16";   several  faint  stars  near. 


NOTE    ON    THE    SMALL    STARS    NEAR    Sl/t/CS, 

By   E.   E.   BARNARD. 


The  objeel   mentioned  in  my  paper  on  this  subject    in 
l  J.  177.  as  occupying  the  following  position, 


Position-angle  281 : 


.      Distance    10".  27. 

not  a   real  object. 


It    is 


and  there  designated  as  //,  is 
reflection  from  Sirius. 

There  are   two    of    these    objects  exactly    diametrically 

opposite  each  other,  and  at  the  same  distance,  so  that  re- 

the  telescope  will  simply  substitute    one  for   the 

oilier. 

)',  ,7.'  ,v  Obsi  rvatory,   1899. 


A   similar  objeel    is  seen   near   Procyon.     The   following 
measures  were  made  on  the  morning  of  November  26: 


Fur   Sir  ins 


Pos.  Angle 

270  .2 


278  .1 


I  distance 
38".37 


i  ii  sei  \  er  west  of  pier 


For   Proeyon. 
39".95         Observer  east  of  pier 


Trie  objects  are  therefore  reflections  from  the  object-glass. 
They  did  not  exist  prior  to  1800  August  29,  on  which  date 
the  object-glass  was  taken  from  its  cell  and  cleaned. 
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FEASIBILITY  OF  DETERMINING  THE  SOLAR   PARALLAX    \'A    OBSERVATIONS 
OF  EROS,  AT  THE  COMING  OPPOSITION,  L900-01, 

\\\   SIMON    NKWi  0MB. 


It  would  seem  that  at  the  coming  opposition  of  Eros,  a 
better  opportunity  for  determining  the  parallax  of  tbi 
by  direct  measurement  will  be  offered  than  was 
enjoyed. 

So  far  as  can  be  foreseen  another  such  opportunity  will 
not  be  presented  for  more  than  thirty  years.  The  object 
of  the  following  study  is  to  fix  upon  the  best  combination 
of  observations. 

Very  remarkable  is  the  period  through  which  ob 
tions  may  be  extended.     During  the  five  months  fro 
middle  of  October  to  the  middle  of  March  the  distance  of 
the  planet  will  be  less  than  0.50. 

The  high  degree  of  precision  which  recent  investigations 
show  to  be  attainable  by  photography  suggests  this  as  the 
best  method.  An  additional  consideration  in  favor  of  the 
photographic  method  is  that  photographic  telescopes  well 
adapted  for  the  purpose  are  actually  in  use  at  various 
favorably  situated  stations,  and  need  only  to  be  applied  to 
this  special  problem  in  order  to  afford  a  solution. 

The  conditions  of  the  problem  admit  of  being  pre 
graphically  by  projections  of  the  terrestrial  sphere  from 
time  to  time  during  the  opposition,  based  on  the  Fi 
ing  considerations:     The   parallactic  displacemenl  of  the 
planet,  as  seen  from  any  two  points  on  the  earth's  surface, 

angular  distance  between  those  point-- 
the  planet.     If.  therefore,  we  projeel   the  earth  on  a  plane 
perpendicular    to    the   line    from    US    to   the    planet   we   can 
determine  by  inspection  both  the  amount  and  dire.  I 
the  displacement  between  any  two  stations.      I  present  four 
such  projections  with  this  paper.     In  their  preparation   I 

have  i d  efficiently  aided  by  l>r.  C.  Et.  Cki  m.  student  at 

the  Johns  Hopkins  University.     It  ma\  be  remarked  thai 
they  make  no  pretence  to  precision,  being  intend*  d  only  to 

enable  one  to  see  the  relative  importan if  observations 

at   various  stations  and  at   various  hours  of  the  night  by 
simple  inspection  and  rude  measuren 

Making  abst  pad  ion  of  all  professi  in  applying 

the  photographic  process,      details  which   1   must  leave  to 


in  arranging  the  oh 

First,  the  station  and  horn 
chosen  as  to  secure  the  maximum 
ment. 

8     ondly,  we  should  aim  at  having  nearly  simulta 
exposures  made  at 
uncertainties  arising  from  (lit  ■ 
plates,  changes  in  the  relative  'he  planet  a 

ars,  and  the  I    reduction 

the  planet   from   one  hour  to  another.      The  necessary  un- 
certainty of  the  position 

as  of  the  computed  motion  oi  the  planet  will  be  such  that 
we  must  ries  of  independent  determii  at 

made  within  an  interval  of  24  hours. 

Thirdly,  the  relative  displacement  should,  as 
in  a  directn ui  at   right-  I 
the  planet  among  I  I  planet  will 

in  consequi  i  motion  appear  on  thi 

short  trail.     This  form  will  not  diminish  the 

:  ion  at   right-ang 
but  may  diminish  it  in  the  direction  of  its  length. 

On  the  projections  which  follow,  the  pa 
motion  bj  stations  at  different 

earth's  surface  are  shown.    That  of  60  n 

tiding  to  1  [elsingfors  and  Pulk 
I'aris.  Potsdam  and  otl  - 
to  the  American  and  Southei 
Jamaica  and   Madras  should 
points ;       15   to  Axequipa,  an 
Hope. 

The  projections  havi 
follow  ing  tit 

I.     From  the  middli 
\  ■  •  •  iber. 

11         U»  16. 

III.  Ah  nit  January   1". 

IV .  About   February   1 


l'.lll 
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The  dotted  an acb  projection  Bhows  tin-  Bunset  line, 

which  "ii  tin-  first  projection  is  continuous  with  the  line  of 
sunrise  Within  the  region  marked  "day"  observations 
are  <>('  course  impossible,  while  tin-  region  marked  ••  oighl  '" 
should  be  supplied  with  a  border  about  12°  broad,  indi- 
cating tin'  region  of  twilight  within  which  photographs 
cannot  practically  be  taken.  This  border  1  have  not  sup- 
plied; its  breadth  will  be  one  centimetre  or  less,  according 
to  the  position. 

The  arrows  indicate  the  direction  of  motion  of  the  planet 
at  different  dates;  the  approximate  angle  which  they  make 
with  the  direction  of  displacement  may  he  seen  by  inspec- 
tion. 

As  a  further  aid,  1  give  the  following  table,  showing  the 
principal  particulars  to  be  taken  into  consideration.  They 
are  given  for  the  beginning  ami  middle  of  each  mouth,  and 
make  no  pretension  to  numerical  exactness.  I  may  remark, 
in  this  connection,  that  Mrs.  E.  If  Davis  prepared  for  me 
a  complete  ephemeris  of  the  planet  from  October  1  to 
February  is.  from  Russell's  elements  in  A.J.,  No.  473. 
Just  as  this  ephemeris  was  completed  there  appeared  one 
i.\  M  i  i.i.osKvicn  in  the  Astronomische  Nachrichten,  which 
is  probably  more  accurate.  I  do  not  therefore  consider  it 
necessan   to  publish   Mis.   Davis's  ephemeris. 

Opposition  of  Eros,   L900-01. 


ll.C.  Motion  in 

Date 

time  of 

Decl. 

< >ne  Minute 

from       p    ' 
Earth      ''"' 

Transit 

K.A. 

Decl. 

1900  Oct.     1 

h      m 
14  13 

+  45 

+ 11.05 

+0.92 

0.571     15.3 

16 

13  14 

511 

-0.33 

+  0.7S 

0.481     18.3 

Nov.    t 

11  .".it 

54 

-i».7(i 

+  0.33 

0.414    21.2 

16 

10  20 

54 

-0.67    -0.29 

0.360 

24.4 

Dee.     1 

s  58 

50 

-0.19    -0.91 

0.331 

26.6 

10 

7  58 

15 

+  0.51 

-1.02 

0.318 

27.7 

l'.tol  Jan.     1 

7  Hi 

38 

+1.23 

-1.08 

0.316 

27.S 

16 

6  53 

32 

+  1.68 

-1.06 

0.324 

27.1 

Feb.    1 

6  43 

25 

+  2.08 

-1.01 

0.344 

25.6 

If. 

6  39 

19 

+  2.20 

-0.94 

0.374 

23.5 

Mar.    1 

(5  35 

15 

+  2.17 

-0.86 

0.410 

21.5 

We  now  proceed  to  a  study  of  the  projections  in  detail. 

Projection  I. 
During  the  first  five  days  of  October  the  conditions  will 
be  most  favorable  for  morning  and  evening  observations  at 
Jamaica  and  Madras.  The  maximum  of  parallactic  dis- 
placement for  morning  and  evening  exposures  will  be  27". 
[f  both  stations  are  utilized,  simultaneous  observation 
made  at  Madras  in  the  morning,  and  at  Jamaica  in  the 
evening,  will  be  available,  the  displacement  being  the  same. 
About  October  3  the  motion  of  the  planet  will  be  at  right- 
angles  to  the  line  of  displacement,  which   would  be  sub- 


te  whether  observations  at  one  station  or 
both  are  compared. 

Through  the  remainder  of  the  month  of  October  and  up 
to  near  the  middle  of  November,  these  conditions  will  be- 
come more  and  more  favorable  as  regards  the  amount  of 
parallactic  displacement,  but  will  speedily  become  unfavor- 
able as  regards  the  line  of  motion  of  tie-  planet,  ^.boul 
November  9  the  latter  will  be  parallel  to  the  line  of  dis- 
placement. About  the  same  date  the  evening  exposures 
will  be  belated,  and  the  displacement  consequently  dimin- 
ished, by  twilight,  while  the  parallax  is  still  increasing. 
The  maximum  of  |o"  is  reached  about  the  middle  of 
November. 

During  the  first  half  of  October  simultaneous  exposures 
at  Helsingfors  and  Arequipa  would  be  practicable;  those 
at  Helsingfors  being  taken  about  10  hours  App.'T ;  those 
at  Arequipa  about  11  hours.  About  October  20  the 
direction  of  motion  will  be  at  right-angles  to  the  line  of 
displacement  between  these  two  stations.  The  maximum 
of  the  latter  will  during  this  period  range  from  25"  to  .'10". 

I'co.n.  riON    1 1. 

It  will  be  seen  that,  by  the  middle  of  December,  the 
available  arc  at  Jamaica  will  be  materially  curtailed 
through  the  planet  being  near  the  meridian  when  it  can 
first  be  photographed  ;  still  a  displacement  of  32"  is  practi- 
cable, and  will  be  once  more  in  a  direction  nearly  at  right- 
angles  to  the  motion.  Absolutely  simultaneous  observations 
at  Jamaica  and  Madras  will  not  be  practicable  owing  to 
the  planet  being  too  near  the  western  horizon  of  Madras 
at  the  moment  when  it  can  first  be  photographed  at 
Jamaica. 

Most  favorable  during  this  period  will  be  simultaneous 
observations  at  Helsingfors  and  Arequipa,  the  latter  being 
taken  on  the  meridian  between  7h  and  7h  30™  App.  T,  the 
former  about  14  hours.  By  waiting  2  or  3  hours  longer  at 
Helsingfors  the  displacement  will  be  increased  to  48"  at 
the  expense  of  a  reduction  for  motion.  The  line  of  dis- 
placement will  be  at  right-angles  to  that  of  motion  during 
the  first  half  of  December,  but  will  become  more  oblique 
during  the  latter  half.  Fully  as  great  will  be  the  displace- 
ment between  Arequipa  at  one  end  and  Potsdam,  Green- 
wich and  Paris  at  the  other;  but  a  reduction  for  motion 
will  be  necessary. 

Projection  III. 
Between  January  1  and  10  it  may  be  expected  that 
the  planet  will,  for  the  first  time,  admit  of  being  advan- 
tageously photographed  at  the  Cape,  the  exposures  being 
made  about  one  hour  after  meridian  transit.  The  maxi- 
mum displacement  for  simultaneous  observations  at  Hel- 
singfors will  be  about  10" ;  the  direction  about  45°  with 
that  of  motion.    Plates  taken  later  in  the  night  at  Helsing- 
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fors  will    give  a  displacement    approaching    the  pra 
niaxiinum  (if  4N".  but  involving  a  reduction  of  ■">"  or  6"  on 
account  of  motion. 

PkOJEI  Tlo\     I  V. 

This  projection,  made  for  the  beginning  of  February) 
will  answer  through  that  month,  and  into  March.  Nearly 
simultaneous  observations  at  the  Cape  and  Helsingfora  may 
be  combined  with  a  maximum  disp  from 

40"  about  February  1  to  34"  at  the  end  of  the  month  ; 
for  simultaneous  observations,  the  obliquity  of  direction 
will  be  some  30°, 'and  will  diminish  in  the  course  of  the 
month.  The  obliquity  will  lie  still  farther  diminish 
the  displacement  increased  by  including  in  the  combination 
exposures  made  at  Helsingfors  at  an  hour  angle  of  5  hours, 
which  will  involve  a  reduction  of  about  S'  for  motion. 
The  displacement  will  then  range  from  10"  at  the  begin- 
ning of  the  month  to  •"•  1"  :it  the  end. 

hi  what  precedes.  I  have  dwelt  principally  U] He 

fors  and  the  two  southern  stations  already  supplied  with 
photographic  telescopes.  I!ut  exposures  on  approximately 
similar  lines  may  lie  combined  for  at  least  two  stations 
where,  perhaps,  the  smallness  of  the  displacemenl  will  be 
compensated  by  the  superior  quality  of  the  instruments. 
These  are  Potsdam  and  Jamaica  \t  the  mosi  favorable 
times  during  November  and  December  nearly  or  quite  simul- 
taneous observations  may  be  taken  at  Arequipa,  Jamaica, 
Greenwich.  Paris,  Potsdam  and  Helsingfors,  the  combina- 
tion of  which  will  greatly  strengthen  the  result.  Between 
Potsdam  and  Jamaica  alone  the  displacement  will  be 
about  30". 


An.  ' 

■■ii  we  may  expect  in  the  tin  - 
plan    as    tha 

able  circumstance  is  that  the   com 
during  the  entire  period  will  lie  al< 
Milky   Way.   insuring    more   and    I 
than  we  should  otherwise  b  ive       \ 

ilile  iii  the  comparison  the  data  a 
accordant.      For    Kaptetn's    invi    I 
taken  for  parallax  at    11  where  irna_ 

taken  on  the  same  plate  at   intervals  ol 
compared,  it   would   seem    that  the  prob 

measurements  would  b( Ly'2or3  hundn 

These  mplicitly   involve    com: 

widely  apart   on   the  same  plate,  so  that   I 
uo  evident  reason  ■■••  hj 

attainable  in  the  |  when  two  plates  taken  simul- 

taneously at  different  stations  are  compared.     <  >n  the  other 
hand  the  Potsdam  measures  for  the  photographii   u 
probable  errors  ranging  from  0*.06  to  0    '• 
circumstances,  and  adopted  methods      I  that. 

by  repeated  measures,  on  the  same  plate,  the  probable  error 
would  be  as  great  as  0".10.     Then  the 
the  solar  parallax  from  a  pair  of  simult 

pa  and  Helsingfors  would  be  ±0".02.     It  the  attain- 
able degree  of   precision   corresponded   to  that    reached  in 
the  case  of  the  parallax  it  would  be  reduced  below  C.01. 
1  should  feel  hopeful  of  reaching  the  la:- 
not  for  the  uncertainty  arising  from   the  i  I    the 

planet.      In   any  case   it  dear  that 

of  the  kind  heir  proposed  IS   well  worth  cur- 


THE    HARVARD   OBSERVATIONS   OF   Till-:   SATELLIT1 

[847   AND    L848, 

Bl     \     HALL. 

The   satellite   oi     V<  ptun  ■;.    Lassi  i  i 

in.  L846,  ami  tin-  next  year  observations  lor  the  deter- 
mination of  the  orbit  of  tie'  satellite  and  the  mass  of  the 
planet  were  begun  by  Lassell  at  Liverpool,  by  O.  Struvi 
:it  Pulkowa, and  bythe  Bonds al  the  Harvard  Observatory. 
I'll-  observations  at  Harvard  were  continued  through  the 
opposition  oi  1848  \i  Pul  owa  and  il  Harvard,  filar 
micrometers  were  used  with  the  15-inch  refractors.  Las- 
beh  also  appears  to  have  used  a  filar  micrometer  \\  ith  his 
20-foot  reflector,  but  without  a  driving  clock. 

(»ne  of  the  earliest  orbits  of  the  satellite  was  c<<;^ 
bj  Professor  Bi  \i  nn\  Peirce,  apparently  from  tie 

ins  of  1847.       PEIECE  found    the    mean  distance   of   the 

satellite  16*5,  and  hence  the  mass  oi  Neptunt  ,,!-»■     "' 

the    limit-    of   the    mas-   are    ,  .  '  ,  ,   .  ami    ,  . ,',  „  „  .      This 

has  proved  to  be  a  I  rue  statement.     After  the  obsei 


<)K     \7.7'/7    \  i:    IN 


ot  L848  <:.  I'.  Bond  coi  rei  •-  d  Peirce's  i  i  bit   u 
mean  distance   16*3,  and   thi 

which    is    prohabh    \  ery    near  the  correct    value        B 
fortune  of  thi  irly  right,  v. 

tliey  were  completely  set  aside  and  ignored  for 
\       i  ission  of  the  Pulkow .. 
distance  17*.95, and  the  mas>  ,,',„„.     Th 

educed  with  all  the  formality 
squares,  and  it  was  adopted  i>;. 

or  until  tin'  observations  at  w 

equatorial  showed    beyond  doubt    that   ti 
i  'm'   might    imagine   that    astl 
little  more  thoughtful,  and  would    b 

:.  t  that  the  Harvard  observer-  had 

.'h  declin.it 
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in  do  his  wink  at  a  zenith  distance  of  at,  least  seventj  de- 
grees.     \i    Earvard  this  distance  was  bo  much  less  thai 

such  a  faint  object  as  tliis  satellite  would  be  t v  easily 

obsen  ed 

Knowing  thai  the  Bonds  were  conscientious  observers, 
who  gave  much  care  to  their  work,  I  thought  it  might  be 
well  to  revise  the  reductions  of  the  Harvard  observations, 
ami  compute  an  orl.it  from  tin1  observations  of  1847  and 

isis.     [Jnfortunatelj  tl bserving  books  of  1848  ran  nut 

be  found.  1  onlj  made  a  change  in  the  time  of  Oct.  27, 
ami  a  small  correction  in  the  distance  of  Nov.  2.  In  all 
else  the  observations  stand  as  thej  are  printed.  To  show 
the  quality  of  these  observations  I  have  carried  bacli  the 
orbit  computed  from  Barnard's  observal  inns  i  A.J ..  No.  Ill  i 
to  is  is. (i.  ami  find  the  elements  as  follows: 

Epoch   =    1848.0  Greenwich  M.T. 


ii    = 

84.5(1 

./   = 

26. 1 

.V  = 

79.0 

n    = 

61.25741 

a    = 

16".30 

Gr 

M.'l 

h       in 

Pc 

Pa 

■s; 

s: 

His. 

1847  Oct. 

25 

s  24.3 

229.56 

■j:;o.o 

15.10 

l.YI 

i; 

•>- 

8     9.0 

33.59 

28.8 

L3.95 

13.5 

1! 

27 

s  39.0 

34.04 

28.2 

14.1  t 

13.8 

B, 

28 

7  53.8 

50.:;  l 

47.5 

1  l.ss 

14.7 

1! 

28 

8  53.8 

51.12 

10.11 

14.56 

15.2 

B, 

30 

7  :>:',:.; 

214.44 

217.9 

14.28 

15.I-. 

B, 

Nov 

2 

7  5:;.:; 

35.85 

34.2 

14.83 

14.3 

B, 

:; 

7  38.1 

52.58 

51.4 

L3.93 

12.6 

B 

26 

7  39.9 

13.76 

49.9 

16.26 

15.:; 

i; 

26 

s  21.9 

44.50 

40.1 

16.23 

16.6 

B, 

1848  -luh 

:; 

16  28.1 

221.07 

221.0 

16.60 

L6.2 

Bt 

:; 

17  21.1 

217.2 

16.52 

16.2 

B 

11 

15  56.9 

29.03 

24.:; 

12.06 

12.0 

B, 

2L 

15  43.1 

227.39 

234.0 

15.13 

16.2 

Bx 

A.ug 

31 

11       1.0 

222.82 

225.0 

16.83 

17.1 

Bi 

:;i 

11  30.0 

22310 

16.80 

16.1 

B 

Oct. 

11 

s  31.3 

219.60 

219.8 

16.44 

16.4 

B, 

12 

10  51.2 

241.39 

245.0 

0.7:; 

9.6 

B 

20 

10  34.2 

13.48 

ii.:; 

16.56 

15.7 

1'., 

20 

in  50.2 

43.64 

16.53 

15.8 

I! 

23 

s   1  l.s 

222.98 

219.5 

16.58 

15.6 

B 

23 

8    1  l.s 

223.28 

223. o 

16.55 

17.0 

B, 

28 

s  39.2 

207.16 

211.8 

11.25 

11.2 

B, 

Nov 

1 

7  38.7 

15.33 

41.5 

16.11 

16.5 

'••, 

The  preceding  table  gives  the  angles  ami  distance 
the  satellite  computed  from  tl"-  above  elements,  which  are 

nearly  correct,  ami  also  tl bserved    values.     The   first 

column  gives  the  mean  time  corrected  tor  aberration.  The 
observers  are  denoted  bj  B  for  W.  C.  Bond,  and  by  B  foi 
<;.  I'.  Bond. 

The  observations  evidently  contain  large  accidental  i 
such  as  we  might  expect  from  the  faintness  of  the  satellite, 
Out  appear  free  from   systematic  errors,     It  is  not  surpris- 
ing therefore  that  l'i  ir<  i  ami  Bond  found  nearlj  tin-  right 
value  of  tlif  mass  of  tin'  planet.     In  order  to  follow  the 

thod,  which  m\   acquaintance  with  <;.  ]'.  Bond  makes 

me  think  was  chosen  by  him  to  correct  the  orbit.  I  reduced 
all  the  complete  observations  of  IS  IS  to  tin-   mean  distance 

of  the  planet,  ami  Professor  Robert  Willbon  kindly  made 
a  plot  of  the  angles  ami  distances  on  a  large  scale.  The 
maximum  distances  at  the  elongations  are  16". 50.  ami 
16". 27.  Drawing  the  curve  through  the  positions  at  elon- 
gations we  have  at  once  BOND'S  value.  16".3.  Sine-  the 
apparent  orbit  was  a  ven  eccentric  ellipse,  the  position  in 
the  plane  "of  the  orbit  could  not  be  well  determined.  The 
satellite  was  too  faint  to  be  observed  at  conjunction,  and 
the  value  of  the  minor  axis  remains  uncertain.  The 
node  and  inclination  will  also  be  uncertain.  I  take  from 
Professor  Willson's  plot  the  values, 

,i  =  16".:;  I,  =  I".:;  p  =  45°.0 

for  the  semi-axes,  and  the  angle  of  position  of  the  major- 
axis.      Combining  these  values  with  the  position    of  the 

planet  we  ha\  e, 

./  =  127-.87  .V  =  ls:;\:;i 

Probably  we  can  now  compute  these  quantities  with  greater 
accuracy  than  they  can  be  found  from  the  early  observa- 
tions. 

This  examination  lias  convinced  me  that  the  Harvard 
observations  of  this  satellite  in  1847  and  1848  are  the  best 
that  were  made  in  those  years.  It  is  not  necessary  to  say 
much  of  the  difficulties  found  in  discussing  the  Pulkowa  ob- 
servations: —  the  assumption  that  the  satellite  had  chai 
its  mean  distance,  the  rejection  of  the  observed  distances. 
and  the  application  of  a  large  and  uncertain  systematic 
correction  to  the  angles.  All  this  may  serve  as  a  warning. 
The  conclusion  is  that  the  simple  and  careful  work  of  the 
Bonds  gave  the  true  result. 


Cambridge,  1900  March  15. 


OBSERVATIONS   OF   ONE   HUNDRED   NEW   DOUBLE   STARS, 

By  WILLIAM  .1.  HUSSEY. 

I  have  found  the  stars  of  the  following  list  to  be  double,  already  known  to  be  double,  I  have  consulted  the  lists  of 

and   have    not    succeeded   in   identifying   them   with    any  the    Herschels,    the    Stkcvks,    the    Ci.arks,    Burnham, 

previously  known.     To   avoid   cataloguing    as    new    stars  Dawes,    Dembowski,    Hough,    [nnes,    Secchi,    See,   and 
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several  others,  including  those  of  the  observers  of  * 
cinnati,  Harvard.  MeCormick  ami  Washburn  (  lb 

Some  i.i'  the  stars  of  tin-  present  li-t  have  been  discovered 
with  tin1  12-inch  telescope,  others  with  the  36-inch.  Nearly 
all  thf  measures  have  been  made  with  tin-  latter  instru- 
ment. In  making  the  measures  a  power  of  looo  has 
generally  been  used.  Higher  powers  have  been  employed 
on  some  of  the  closer  pairs,  and  a  lower  one  tor  some  of 
the  wiiler  ones.  In  general  each  position-angle  has  been 
derived  from  the  mean  of  tour  settings  of  the  circle,  ami 
each  distance  from  three  double  dista 


I   have  generally  rejei 
tween    the    com]"    i 

ion  ;   the   n  :    the   oririci: 

justify 

ol  tli.-  stars  ■■:  tl  ,  -riple 

slightly  greater  than  5"  hail 

I  ..  o-thirds  of  •  I 
are  under  1".  anil  15  are  halt  a 

i 
M\    estimates   of  the   magnil 
columns. 


1. 
a  =0h  1 


DM.  -12°6613. 

■  :>•     :     rt  =     -1-    i8'.2 


1899.648 

722 
.821 

1899.73 


104.8 
104.4 
102.7 


1(14.0 


1.10 
1.04 
1.06 

1.(17 


9.2 

'.1.2 
9.0 

9.1 


id.:. 
LO.O 

Km 


DM.  -  12  2. 


:  01'  3'"  12" 


8  =  —  1!    57    I 


1899.648 


.821 


68.0  3.72 
69.2  :;.77 
67.7       3.70 


9.1        llo 

9.0  10.0 

9.1  Ki.d 


1899.73 


68.3 


3.73       9.1        10.3 


:i.      DM.       II  36 


=  o''  it'"  :>;• 


8  =  — in  53'.8 


1899.648  108.0  1.60  9.1  '.».l 
.722  108.9  1.58  '.i.l  9.1 
821        104.7       1.48       9.0        9.5 


1899.73 


1899.722 
.898 
.993 

L899  87 


105.9       L.55       '.'I 


I.     DM.      13°64 


8  =  -    ! 


56.9 


0.63 
6.64- 


'.CO 


54.9       '"'.I 


9.0 

9  o 


DM. 


13  L09. 

u  =  n1   34"   ::       ;     r,  I:;    5'. 

L899.585       133.0       1.12       9.0 

6.     DM.  10°294. 

u  =  1''  lC1"  .".7  :     o  -      '.'   59'. 

L899  r56       239.0  0.59       9.2 

.'.H7       2io. s  ((.en       9.2 

.933       2  112  0.64       9.0 

1899.87  240.3  061  9  l 
This  i*  tic-  companion  of  l,  2039 


7.      DM. 

«  =  i 
L899.917       211.0 

.993       212.5 
1900:070       212.6 


10°312 

8  =  ;>  17 
1.56  9.0 
1.67  9.0 
1.66       9.(1 


'.(.2 


0.0 

'.Ml 


'.to 


o  2 
9.2 

'.(.:: 


isoo  99 


•12.0       1.63       9.0 


[0  o 
lo.o 

9.; 

~ IKS 


8.      DM. 

11  3 

3. 

15.     DM. 

a  =  l 

...    1 

8  =  - 

-11    12' 

2 

a  =  2 

8  =  - 

1899.917 

30.3 

* 
1.22 

11 

1899.881 

1.57       s".-. 

.933 

27.1 

L32 

12.0 

16.     DM 

1899.92 

28.9 

1.27 

L2.0 

0  =  2 

8  = 

a   =    1 

L899  881 

0.      DM. 

'36™  24' 
293.9 
293.3 

12  ■:; 
8  =  - 
1.56 
1.70 

3. 

1L--  39 
9.0 
9.0 

.1 
9.2 
9.0 

22       330.2 

017       329.6 

1900.034       .".27  1 

1.18 
1.03 

9.0 

11.0 

10.0 

.017 

329.1 

1.07       8.9 

933 

293.1 

4.61 

9.0 

9.2 

17.      DM. 

1899.91 

293.4 

4.62 

9.0 

9.1 

8  =  —  1 

u  =   1 

1899  881 

lo.      DM. 
304.5 

13 ; 

8  =  - 

"  7s 

12. 

-12    19 
8.5 

6 
9.0 

_2       261.3 

.017       259.4 

1'. :i        259.7 

1.95  o.l 
2. 1  2 

1.96  9.1 

115 
11.5 

.917 

303.5 

0.72 

8.5 

9.0 

260.1 

2.0I       9.1 

11.0 

.933 

305.1 

0.77 

8.5 

9.0 

L899.91 

304.4 

0.7C 

8.5 

9.0 

is.      DM. 

a  =  2" 

1 1   167 
:    8  = 

a  = 

1899.756 

.933 

11        DM 

2o:;.  1 
204.2 

12  324. 
8  = 
3.02 
3.18 

1 1 .5 
13.0 

1900.034       210  c 

.  1 28 
131         27.0.0 

1.26 

1  67 

1.50      .    . 

\ 

1900.10         250  t 

1'. .o7o 

202.6 

12.2 

19.      DM 

a  = 

8  = 

•Jo.'..l 

:;.lo 

8.5 

u   =   1 

Isoo  :.-,,; 
933 

12.      DM. 

351.6 

355  2 

_10°390. 
8  = 

I  00       9.1 
1.02      9.0 

2 
ll.o 
11.5 

Isoo  756       300  1 
1900.034 

054        2000 

• 

3.2 1 

10.2 

11." 

11.1 

1S00.SI 

353.4 

1.01 

9.0 

11.2 

20      DM 

11. 

DM 

L2  ■ 

64. 

a 

: 

a  = 

S  =  - 

- 

V. .051 

104.6 
102.8 

0.95 
1.05 

8.5 

9.0 

054 

g 

1'. .-• 

10;;.: 

1.00 

s   .'. 

21        I'M 

11        I'M 

1 1  : 

97, 

8  = 

a  = 

8  =  - 

1 1    29 

P." 86          12" 

10.1 

3.54 

9.1 

9.1 

.110            |n.  | 

1.49 

18.2 

3  :: 

L28          12  s 

1.57 

Is  > 

9.1 

9  1 

1900.11            111 

1  16       - 

I  III 
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22.     DM. 

a  =  3''  33™  9'     ; 

1900.070         88°.5 
.  1 28         88. 1 

-12°680. 

8  =  -n    ..-" 

0.64       sV, 
0.63      8.5 

; 

9*0 
9.5 

32.     DM. 

a  =    1     1-  «  51 

1900.067       210.0 
.119      249.0 
.128      247.6 

-10°1026. 

S=-  L0    I"' 

Los       mii 
0.S5       9.1 
l.oi       9.0 

9 

9*2 
9.1 
9.0 

41.     DM 

a  =  6*  2*'"  1  I'- 
ll  .031        1015 

.084       100.5 

looo. o:;         105.5 
12.     DM. 

a  =  0''  28m  28' 

1900.031        L76.9 
.034        176.4 

-111524. 

8  =  -  1 1    50 

1  59       8jB 

1   lo       8.5 

1.54       8^5 
-121535. 

;     8  =  — 13°  1' 

3.72      9.1 
3.95       9.0 

.ii 

L2.0 

1  2.5 

1900.10          88.3 

0.64       8.5 

- 13°724. 
8  =-    LS   86'. 
1.05      9.0 
1.10      9.0 
L.20      9.0 

9.2 

9;2 
9.2 
9.0 

12.2 

23.     DM. 

a  =  3h39™l»     ; 
1900.034          88.0 
.051         86.0 

1! .11         248.5 

33.     DM 
a  =  r>'>  !-.'■■ .;:; 
I  sos. 707       322.7 
.sr.o       324.1 
L899.711       325.8 

o.os       9.0 

.  +0°974. 

8  =  +o  23'. 
nil       7.5 
0.16      .    . 

0.17       .    . 

9.1 

8.0 

ii 
L2.0 

10.5 

.054         88.0 

1000.0:;         17<L7 

43.     DM. 

a  =  0h  28™  -VI- 

1900.031        314.0 

.034       313.6 

3.83      9.0 

-121540 

:    8  =  —12°  2' 
1.12      8.3 

1.10        8.5 

1  1 .5 

1900.05          87.:; 

1.12       9.0 
+11°543. 

8  =  +11°  12'. 

1.42      8:5 
1.47      8.5 

9.1 

5 

11.0 

11.5 

24.     DM. 

u  =  3h  52™  5»     ; 
1900.070       266.3 

L899.09        324.2 

34.     DM. 

a  =  5i>  8™  38"    ; 
1900.051        108.9 
.054        110.1 

0.16       7.5 

-101125. 

8  =  —in    n 
1.14       8.8 
0.05      9.0 

8.0 

l 
12.0 
13.0 

3 
8.8 
8.8 

.119       263,6 

1900.03         313.8 
11      DM. 

a  =  6"  34"1  53' 

1900.031        1  15.7 
.086       146.5 

1.11        8.4 

-111577. 
8  =  —11°  86' 
2.20       8.5 
2.36       x.r> 

8.8 

1900.09         265.0 

1.45      8.5 

+  11°54S. 
S  =  +11°  50' 
0.80       8.5 
0.78      8.8 

11.3 

i 
9.0 
9.2 

25.      DM. 

a  =  3h  52™  56»     ; 

1900.070       327.8 
.119       323.7 

1000.05           100.5 

35.     DM. 

a  =  5h  ll"  40- 

L900.031         04.0 

.034         65.1 

.051         65.1 

1.05      8.9 
-11°1118. 

8  =  —11°  5'. 
2.68      9.0 
2.79       9.0 
2.64       9.0 

1 2.5 

lo.5 
ln.5 
1  1 .5 

7 
1  2.5 
11. ii 

L< .06         146.1 

45.  DM. 

a  =  6*  37™  3S» 
1900.034       176.6 

46.  DM. 

a  =  6*  37-  42« 

1900.034        151.5 

.128       155.3 

2.28      8.5 

-121591. 

8  =  —12°  33 
o.5o       9.0 

-121593. 

;    8  =  -12°  12 
2.52       9.1 
2.42       9.1 

L3.2 

1900.09         325.7 

26.     D.M 

0.79       8.6 

-10°799. 
8  =  —10°  31' 
2.18       9.0 
2.23       9.0 
2.35       9.0 

9.1 

0 
9.5 

9.5 
9.2 

.1 
9.5 

a  =  3h  53,n  13"     ; 
1900.031       257.8 
.034        259.1 
.051       258.1 

1000.05            64.7 
36.     DM. 

a  =  5''  13™  3" 

1900.034       186.0 
.051       185.3 

2.7o      9.0 
- 111126. 

8  =  —11°  4'. 

0.70       9.0 
0.77       9.0 

10.8 

11.0 

12.0 

11.5 

.6 

11.5 
11.0 

9.S 

1900.04         258.3 

2.25       9.0 

+  9°523. 
;    8  =  +9   81' 

0.54       8.0 
0.55       8.2 

9.4 

0 

8.5 

8.5 

10.5 

27.     DM 

1900.08         153.4 

47.  DM. 

a  =  61'  5'.»™  4       : 

1900.086       307.3 

48.  DM. 

a  =  7h  1™  29"     : 
1900.086       150.5 
.128        149.8 

2.17       9.1 

-131789. 
8  =  — 13  32' 
1.51       9.1 

-121781. 

8  =  -12    47' 

2.67       8.5 
2.67       8.5 

10.2 

a  =  3h  53™  31" 
1898.830       209.5 
1900.070       212.0 

1900.04         185.6 

37.     DM. 
u  =  5h  32m  36" 
1900.0S6         10.5 
.128    '     10.2 

0.73       9.0 

-121215. 

8  =  —12°  26 
0.78       9.0 
0.72       9.0 

s 

13.0 

1899.45         210.8 

28.     DM. 
a  =  3h  54™  8"     ; 
1900.070       342.1 

0.55       8.1 

+  11°552. 
8  =  +n°  10' 
0.97       9.0 

-10°808. 
8  =  —10°  36 
0.43       S.5 
0.45       8.5 

6 
9.2 

8.8 
8.8 

1000.10           10.4 
38.     DM. 

a  =  5h  38™  55- 

1899.933       145.9 

1900.051        144.7 

.054       145.9 

0.75       9.0 

+  221017. 
8  =  +22°  51 
0.55       8.8 
0.51       8.5 
0.47       8.5 

11.3 

.8 
9.0 

8.8 
8.5 

8.S 
8.5 

29.     DM. 

a  =  3h  54™  51" 

1900.031       308.6 
.051       314.4 

1900.10          150.2 
40.     DM. 

a  =7h21™  16' 

1900.051       203.0 
50.     DM. 

a  =  7h  22'"  53" 

1900.051          93.4 
.128         05.1 

2.6,7       8.5 

-121962. 

;    8  =  —12°  6' 
o.5o       9.0 

-121979. 

:    8  =  —12°  12 
0.57       8.5 
0.45       8.5 

8.7 

1 

10.5 

1900.04         311.5 

0.44       8.5 

-23°1810. 

8  =  -  23°  22 
5.30       6.5 
5.30       6.8 

5.30       6.6 

-10°1026. 

;    8  =  —9°  56' 
1.05       8.5 
1.02       8.5 
1.09       8.5 

1.05       8.5 

8.8 

13.5 
14.0 

13.7 

7 
9.0 

•    9.0 
9.0 

9.0 

30.     DM. 

a  =  4'".!"'  14»      : 

1900.051       177.:: 
.086       176.2 

1900.01         145.5 

39.  DM 

a  =  5h  41™  9s     , 

1000.051         39.7 
.054         43.9 
.070         46.0 

1900.06            43.2 

40.  DM. 

a  =  5h  45™  1-2" 

1900.070         10.2 

0.51       8.6 

+21°984. 

8  =  +21°  50' 
0.28       8.5 
0.28       8.3 
0.34       8.5 

0.30       8.4 

+  201135. 
;     8  =  +20°  6 

3.61       8.5 

8.8 

8.8 
S.3 
8.5 

8.5 

6 
9.5 

.S 
9.0 
9.5 

L900.07         176.7 

31.     DM. 

a  =  41'  45'"  20" 

1900.067       333.2 

.119       333.6 

.128       334.6 

1000.00           94.4 
51.     DM. 

a  =  7h  39™  52" 

1900.031         47.0 
.034          45.1 
.051         46.2 

0.51       8.5 

-11°2086. 

;     8  =  —12°  4' 
0.90       8.8 
0.82       8.7 
0.88       8.6 

9.2 

4 

9.0 

9.5 
9.0 

1900.10         333.8 

lono.ol            46.1 

0.87       8.7 

9.2 

N°-  4S0 
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52.     DM. 

-11°2105. 

<■-      DM. 

-11°4605. 

70.     DM. 

-Hi'    i 

a  =  71'  4:;m  15"     : 

8  =  —ll    13' 

7 

a  = 

:     8  =  —11    41V-' 

a  =  18h  32m  16* 

;    8=  - 

L900.031         90.3 

3.22       9  - 

13*5 

1899.;x.n       i'l :;.'.' 

0.39       '."■ 

.553       211.3 

0.39      .    . 

.611          215.5 

. 

.-.;;.     DM 

-11-2133. 
8  =  — 11°  24' 

l 

.571        212.6 

0  l-       9.0         9.5 

721'        217.3 

.    . 

a  =  V>  47'"  38' 

L899.56         212.6 

0.40       9.0        9.4 

216.4 

1900.031           9.6 

0.34       8.5 

8.5 

63.      DM 

-12°5034. 

71.     DM. 

1914. 

54.     DM. 

-12°2204. 

a  =  It 

;     &  =  —12°  15'.4 

o  = 

;    8  = 

; 

a  =  T1'  49,n  55' 

8  =  —12°  34' 

0 

L899.550       316.4 

3.00      8.8       12.5 

L899.611       353.0 

1900.031         10.4 

1.64       8.5 

8.8 

.553       316.9 

:;.nl      .    . 

.756       354.9 

.034           9.0 

1.69       8.5 

8  8 

571        314.9 

2.91       8.3       12.5 

.759       352.7 

0.55      .    . 

.051           8.7 

1.70       8.5 

s.7 

L899.56         316J 

2.98       8.5       12.5 

1899.71         353.5 

0.63 

L900.04             9.4 

L.68       8.5 

s,s 

64.     DM. 

16  1864, 

5.").     DM. 
a  =  9h  19-  lO 

-10°2832. 

8  = 

5 

a  = 

L899.648         12.1 

;    8  =  —16 
L.04       9.0       m.ii 

72.     DM. 

a  =  19h  14 

1899.611          61.9 

_10°5035 
:    8  = 
1.12       7.3 

12.5 

1900.031        D  18.2 

0.61       8.5 

9.0 

65.     DM 

.  -r-84°409. 

56.      DM 

-12=2891. 

a  =  18h  19 

ls'.is..-,i;.-,       26!t.:; 

;    8  =  ^-1 
1.49      9.5       10.0 

DM. 

a  =  19h  17m  4.V 

L0  5058 

:    8  =  —10   11 

.4 

a  =  9h  21™  -•'■■ 

8  =  — 13    3' 

s 

.595       267. 1 

1.55      9.0       LO.O 

1899.611       223.1 

1.11       9.0 

10.0 

1900.031       156.6 

1.64       8.5 

9.5 

:.'.is       267.4 

1  11       9.0       LO.O 

220.0 

1.05       9.1 

L0.fi 



L898.59         268.0 

There  is  also  :i   Utl 

L.49       9.2       LO.O 
magnitude  companion 

.756,       225  7 
.759       224.2 

1.06      9.0 

LO.O 

a  =  :  ■    28     58 
1898.346       L38.5 

:    s  =  +49  :;: 
1.26     11.5 

in" 

12.ii 

in  24  .5  :  9'.10. 

66 

1899.69         223.3 

1.03       9.0 

1".2 

.353       L38.4 

L28 

n  =   1- 

1898.572 

;     8=  +1>    42'.2 

309J9 

71       DM 

[ 

L898.35         L38.5 

1.27     11.5 

12.li 

a  =  19*  19">  18' 

;     8  = 

.' 

This  is  the  companion  "t  "-  aoa. 

.592 

307.6        0.36 

L899.611 

1.6.1 

12" 

58.     DM 

10  1639. 
:    8  =    -10P1 

4 

.595 
707 

312.9        0.32 
309.6        0.36 

•     - 

1.50      .    . 

u  =  1°'  10 

i 

1.57 

12.0 

L899.568       128.1 

0.84       9.0 
0.63       8.0 

9.5 
S.5 

1899.686 

308.2        0.31 

75.     DM. 

L2  -.417. 

.571        1-1.1 

L898.82 

309.6        0.34 

.611        124.9 

0.75      9.0 

9.5 

This    is    the    south 

i'    ,,t    >.l  851. 

,i  =  i' 

".i       201.6 
.611       200.9 

8  =  —12    51 

0.49 

- 

L899.58         125.8 

0.74       -   ■ 

9.2 

The  02  pair  is  a  close  one,  us  oisiance  o. 
about  0  .6.     Its  components  have  shown  no 

certain  motion.     At  the  time  of  the  discover] 

.759       204  l 

0.47 

- 

59.     DM 

-13°4916. 

;      8  =  -    18     1  1 

'.9 

of  the  uew  component,  Professor  lii  knjiam 
stated,  in  a  private  letter,  thai  he  could  recall 

a  =  18M2 

L899.66         202.3 

: :. 

B 

no  othei  instance  "t  three  Btara  so  close  to- 

1899.568       340.4 

0.76 

l  have  Blnce 

foun.l  anothei 

..-.71        338.0 

0.63      8.5 

9.0 

number  91  of  this  list. 

which  is  still  cli 

76.     DM 

—  1  1;51  1  1. 

.611       338.6 

0.59       S.8 

9.0 

more  difficult. 

a  =  19 
00       262.1 

:    8  = 
0.74 

l 

1899.58         339.0 

0.66       8.6 

8.9 

67.     DM 

15  L982. 

60.     DM. 

11    1590 

a  =  Is 

L899.648       323.5 

:    8=      IS    i  -: 
1.7."       8.8       L2.0 

77.     DM 
a  =  ll 

:  17 

:    8  = 

a  =  is1'  18™  18" 

;    8  =  -n--' 

.'.i 

68      DM 

L2  5i  i?l 

'ii      317.0 

0  16.       9.0 

11  5 

1899.571       240.4 

1.00       8.8 

13.0 

a  =s  18 

;     8=      12    I'.i.-' 

.611        238.7 

.722       239.6 

in:;       8.6 
0.95      .    . 

ll.fi 

10         121..". 

3.24       9.0       L2.0 

DM 

.:<:•::       L20.4 

3.00       8  *       L1.0 

a  = 

;    8  = 

1899.64          239.6 

0.99       8.7 

1  ■>  •  > 

.571        L19.7 
L20.5 

LO.O 

11.0 

L81  : 

2  L8 

61.     DM. 

1  1  1997. 

79      I'M 

1 2  662 1 

a  =  i 

;    8  = 

.:, 

DM 

003. 

a  = 

:    8  = 

L899.583       116.8 

2.29      9.0 

LO.O 

• 

;    8  = 

L899.769       243.6 

0.60 

.611        L16.5 

2.:;:      8  B 

L899.571        246.6 

0.31 

648       lic.i 

2.44       '.n, 

L0.fi 

611       245.1 

0.31 

80      DM 

r24 

651        117.1 

2.40      9.0 

LO.O 

722       246.0 

0.33      .    . 

L899.651           15 

;    8  = 
2  67 

L899.62         116.7 

9.0 

LO.O 

:         245.9 

0.32 

10.2 
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81.     DM. 

a  =  20*  50™  8' 

1899.571            L°.8 
.674            1.9 
.821           6.3 

-12°5866. 

8  =  -  12    in 

x.5 
0.32      8.5 
0.30      s.7 

0.32      8.6 
-13  5803. 

;     8=      18°0 
2.63      8.5 
2.68       8.5 
2.54       8.5 

3 

s\ 
8.8 
9.0 

8.9 

i 
9.0 
9.0 
8.8 

88.     I'M 

a  =  L'lh  38™   12 

1899.574       226.6 
.648       225.5 
.651        222.5 

I:;  5982. 
:     8  =      12    18 

1.30       '.'.2 
1.11       9.2 
1.22       9.2 

4 
1  2"  > 

1 1 .5 
1 2.5 

94.     DM. 

u  =  28'  •_""  80" 

L899.611        2  16.x 

.635       246.3 

.722       246.9 

in  6064. 

8  =  -i"   IS 

1.58     x!'i ; 

1.43       8.5 
1.45       8.3 

L3.0 

1 2.5 

1:1.0 

1899.65             5.3 
82.     DM. 

a  =  20*  .".•J"1  86 

L899.57J         12.8 

.57  1          l: 3.5 
.635         L2.7 

1899.62         224.9 
89.     DM. 

u  =21h  4(3'"  7« 

1899.635         LO.O 
.648          9.3 
.651           6.4 

1.32      9.2 

L2  6J 13. 

0.63       9.1 
0.62      9.1 
0.58       9.1 

12.0 

9.3 
9.5 
9.1 

1899.66         246.7 

95.  I'M 
a  =  28'  16™  87 

1899.711       222.3 
.721'       219.3 
.756       221.6 

L899.73         221.1 

96.  I'M. 
a  =  28*  13"  5 

1899.722       105.8 
.7.-.;i        L02.9 
.821        103.3 

1.49 

13  6: 

;    8  =  - 
0.58 
0.48 
0.48 

8.5 

90. 
12    19' 
9.2 
9.2 

1 2.8 

10.5 
10.5 

L899.64            8.6 

90.     I'M. 

a  =  22*  :;::'"  47 

L899.651       219.2 

.821        219.7 

.933       221.6 

0.61       9.1 

l  I  5889. 
;     8  =  —11°  80 
1.94       9.2 
2.04       9.0 
2.02       9.1 

9.3 

.'.1 
11.5 
1 2.5 
13.0 

0.51       9.2 

11  6141. 
8  =  —10   50 
1.19      9.2 
1.00      .    . 
1.12       9.2 

I0.fi 

L899.59           L3.0 
83.     DM. 

a  =  20*  .".:;'"  85' 

1899.571         75.'.) 

..-.7  1           7c.l.<> 

2.62       8.5 

-13°5810. 

:     8  =  —13°  35 
0.20      8.5 
0.20      8.5 
0.23      8.5 

0.2J       8.5 

-12°5911. 

8  =  —12°  35' 
4.45       9.0 
1.56      9.0 

8.9 

.9 
8.5 

8.8 
8.8 

8.7 

5 
1  LO 
14.5 

I0.fi 

10.11 

1899.77         104.0 
;i7.     DM. 

u  =  231'  413"'  54- 

L899.722          10.0 
.759         39.0 
.821         38.4 

1.10  9.2 

-11°6150. 
;     S  =  — 1 1    7' 

1.11  9.1 

1.0(1        .     . 

1.09       9.0 

10  •> 

.635         75.8 
1S99.59           76.9 

1899.80         220.2 
91. 

a  =  22"'  38m   I.V 

1898.630       227.7 
.690       22H.5 
.707        224.4 

2.00       9.1 

12.3 

11 1.0 

10.0 
)S476. 

5 

4 

84.     DM. 

a  =  21*  2'"  25" 
1899.574       327.9 

;     8  =  +40    38 

0.15       8.0 

0.17       .    . 
0.13       .    . 

9.8 
9.8 

.070        326.7 

1899.77           39.1 

98.     I'M. 

a  =  23*  51™  58' 

1899.64s        120.8 

.722       123.1 

.821        120.8 

1.07       9.0 

-13°6490. 

:    8  =      13   31 
1.55       8.5 
1.70       8.5 
1.57       8.2 

9.8 

1899.62         327.3 

85.     CDM. 
a  =  21*  5m  5s     ; 
1899.611        143.8 

4.50      9.0 

-29°17611. 

8  =  —29°  22'. 
3.06       8.8 
2.80      8.8 
2.76       8.5 

14.2 

1 
11.0 
12.5 
12.0 

1898.67         227.2 

This   is    the   north 
For  the  02  pair,  I  obt 

1898.64         327° 

Cf.  note  to  number 

92.     - 

a  =  22h  40"'  7" 

1S9S.674       354.5 
.860       350.3 

0.15       8.0 
component  of    ( 
ain 

8         0".54 
66  of  this  list. 

1 
10.0 
10.5 
9.5 

.648       147.1 
.651        142.7 

1899.73         121.6 

99.     DM. 

a  =  23*  53">  46" 

1899.648       361.4 

.722        359.7 

.821        362.9 

1.61       8.4 

-13°6496. 

:     8  =  —13   20 
3.42       S.6 
3.57       8.8 

3.37      8.8 

LO.O 

;     8  =  +67°  12' 
0.96       .     . 
1.12      .    . 

1899.64         144.5 
86.     DM. 

2.87       8.6 

-11°5574. 

:    8  =  —11°  13 
4.41       S.7 
4.31       8.5 
4.46       8.5 

11.8 

'.6 
1  2.2 
11.5 
13.0 

.4 
12.2 
13.0 

a  =  21*  14'"  51- 

1899.648       238.3 
.651        237.6 

.821      238.6 

1898.77         352.4       1.04      .    . 
This  is  the  companion  of  h  1S07. 

93.     DM.  -13°6289. 

a  =  22h  4(3"'  46»     ;     8  =  —13°  28 
1899.651        L46.1       4.42       9.0 
.821       145.6       4.66      9.0 
.933       146.6       4.52       9.0 

.6 
11.0 
10.0 
11.0 

1  1 .5 

1899.73         361.1 
100.     I'M 

a  =  28*  59"'  40s 

1899.648       349.5 

.721        34H.3 
.821       350.0 

1899.73         349.6 

3.45 

-10% 
;    8  =  - 
4.31 
4.31 
4.35 
4.32 

S.7 

223. 

-  10   25 
9.2 
9.2 
9.2 

9.2 

1  2.3 

1899.71         238.2 

87.     DM. 
a  =  21*31m34" 

4.39       8.6 

-12°6041. 

;     8  =  — 11°  51 
3.07        9.0 

12.2 

'.0 
14.0 

.4 

9.5 
9.8 

9.5 

1899.821       232.6 

1899.80         146.1 

L53       9.0 

10.7 

9.6 

Ekrata.  —  The  position-angles   of   my  observations  of 
100°.     In  the  same  paper,     For     22026,     read     2  2032. 


Coronai   Borealis,  given    in  Astr.  Jour.,  X...  427.  should  all  he  increased 


Lick  Observatory,  Mt.  Hamilton,  California,  1000  February  10. 
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